JEE Main 2025 April 8th Shift 2 Question Paper with Solutions

] Time Allowed :3 Hours \ Maximum Marks :300 \ Total Questions :75 \

General Instructions

Read the following instructions very carefully and strictly follow them:
1. Multiple choice questions (MCQs)
2. Questions with numerical values as answers.
3. There are three sections: Mathematics, Physics, Chemistry.

4. Mathematics: 25 (20+5) 10 Questions with answers as a numerical value. Out of
10 questions, 5 questions are compulsory.

5. Physics: 25 (2045) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory..

6. Chemistry: 25 (2045) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory.

7. Total: 75 Questions (25 questions each).
8. 300 Marks (100 marks for each section).

9. MCQs: Four marks will be awarded for each correct answer and there will be a
negative marking of one mark on each wrong answer.

10. Questions with numerical value answers: Candidates will be given four
marks for each correct answer and there will be a negative marking of 1 mark for
each wrong answer.

Mathematics
Section - A

4
LIffitgitgt. . oo=f5 frtgtgt...00=0a g+ gk+g+.. . 00=p then §is

equal to:
(A) 23

Correct Answer: (B) 15

Solution:
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Step 1: General Series Formula We are given the series:
1 4
S=Y" <=5
n=1
This series is the standard series for the sum of the reciprocals of the 4th powers of natural
numbers.
Step 2: Express a and S We need to find the values of o and 3, which are defined as follows:

o] 1 00 1
-o= anl,n odd n% ~ b= anl,n even nt
The total sum S can be split into the sum of the odd and even terms:

S=a+p.

From the problem statement, we know:

7T4

S=—.
90
Step 3: Breaking the Series Into Odd and Even Terms We can now express the sum «
and [ in terms of the standard sum for the series of the 4th powers.

For a (odd terms):
1 1 1
For 5 (even terms):
1 1 1
5:¥+E+6—4+....
Step 4: Known Results for Sums of Odd and Even Reciprocals It is known that the
sum of the even terms can be related to the full series by factoring out the powers of 2:

gLl 1 1. 1 7
16 \14 24 34 ) 16 90

Thus:
=
1440
Now, we can substitute this into the equation for the total sum S:
4
T
S=a+8=—.
=50
Therefore:
m m 1674 w4 15704 7t

“T 90 T 1440 1440 1440 1440 96
Step 5: Finding % Now we can compute %:

o« Fp o 10
CREi T
1440

Quick Tip

When dealing with sums of odd and even terms in infinite series, it can often be helpful to
break the series into known components and apply symmetry or known formulas. In this
case, the known formula for the sum of the reciprocals of powers was used to compute

the result.
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2. Let the ellipse 322 + py? = 4 pass through the centre C of the circle 22 + 3> — 2z —
4y —11 = 0 of radius r. Let fi, fo be the focal distances of the point C' on the ellipse.
Then 6f; fo — r is equal to

(1) 70

(2) 68
(3) 78
(4) 74

Correct Answer: (1) 70

Solution: Step 1: Find the center C of the circle. The given circle equation is:
22 +y? — 2z — 4y — 11 = 0.
Rewrite it in standard form by completing the square:
(2% — 22) + (v* — 4y) = 11,
(22 =20+ 1)+ (2 —4y +4) =11+ 1+ 4,
(z—1)*+ (y —2)* = 16.

Thus, the center C'is at (1,2), and the radius r = 4.
Step 2: Substitute C into the ellipse equation to find p. The ellipse equation is:

322 +py2 =4

Substitute C' = (1,2):
1
B +p(2)f =4 = 3+4p=4 = p=-.

So, the ellipse becomes:

1 2 g?
302+ Syt =4 = 4 =1
vy TRTe

Step 3: Identify the semi-major and semi-minor axes. The standard form of the ellipse
is:

2 2
z Y
2tE=h
where a2 = 2 and b2 = 16. Since b > a, the major axis is along the y-axis. The focal distance
c is given by:
4 44 _ 2v33

2_ 12 2
— P _l=16— = =2
c a 5= 3 = c 5

Step 4: Calculate the focal distances f; and fo for point C. For an ellipse i—j + z—j =1
with b > a, the focal distances of a point (xg,yo) are:
c c
=b+ - =b— —yo.
fi=0b+3m0, 2 p 0

Substitute C' = (1,2), b =4, and ¢ = @:

21/33
h:4+—%~2:4+%§,
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[N}
“H
w
“|5
W

Now, compute f; fa:

V33 V33 V33 33 11 37

Step 5: Compute 6f;fo —r.

6f1f2—7’:6~§—4:74—4:70.

Quick Tip

For ellipses, remember: - The standard form 272 + %2 = 1. - The focal distance c is given
by ¢? = |a® — b?|. - The sum of focal distances for any point on the ellipse is 2b (if b > a).

3. Let f(z) be a positive function and

1
L= / 2z f (2x2(1 — 22)) dx

1
3
and

2
12:/ (21— 2)) da.

-1
Then the value of % is equal to ____
(1) 4
(2) 6
(3) 12
(4) 9
Correct Answer: (1) 4

Solution: Step 1: Analyze the integrals I; and Is.
For Io:

2
I = / fall =)

Notice that z(1 — x) is symmetric about « = 3. Let v = 1 — &:

-1 2
I = /2 F((1 = t)t) (—dt) = / = ) = I

This shows symmetry but doesn’t simplify directly. Instead, split the integral:

0 1 2
I = /_1 Fa(l — 2))da +/0 F(l — 2))dz +/1 F(l — 2))dz

4
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For the first and third terms, let + = —u and x = 2 — u respectively, to show they are equal to
the middle term. Thus:

1
Iy = 3/0 flz(l —x))dx

Relating /; and I>: From the earlier step, we have:

20 = 1 f(2z(1 — 2x))dx

D=

Let w = 2x(1 — 2z). The integral can be transformed to:

dw
v1—2w

However, this seems too involved. Instead, consider specific examples.
Step 2: Assume f(z) =1 (a constant function). Then:

1 [
211 = (some expression) = 5/0 f(w)

1
1 3
_ _ 2 _ _
11—/_12:16(193—:17} %—1—4—1—4—1
2
2
IQZ/ dr =3
-1
Thus: 7 5
2
—:—:4
3
I 1

This matches option (1).

Quick Tip

When dealing with integrals of composed functions, consider: - Substitution to simplify
the integrand. - Symmetry properties of the integrand. - Testing specific cases (like
constant functions) to verify results.

4. Let o be a solution of 22 + 2+ 1 =0, and for some « and b in R,

1 16 13| |4 0

-1 -1 2 al = 1|0
2 —14 =8| |b] o
If 2+ 2 4+ % —3 then m+n is equal to _____.
(1) 11
(2) 7
(3) 8
(4) 3

Correct Answer: (1) 11
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Solution: Step 1: Solve for « from z? 4+ x4+ 1 = 0. The roots are:
a=w or a=uw?

where w is a primitive cube root of unity (w3 =1, w # 1).
Step 2: Solve the matrix equation for a and b. The matrix equation gives:

4416a+13b=0 (1)—4—a+2b=0 (2)—8—14a—8b=0 (3)

From equation (2):
—4—-—a+20=0 = a=2b—-4

Substitute a = 2b — 4 into equation (1):

4
4416(20—4)+13b=04+320 — 64+ 13b=045b—60 =0 = b= =

3
4 8 4
—9(Z)4=2_4g4=_Z
¢ (3) 3 3
Verify in equation (3):

4 4 56 32 24
S8 —14 —-=) — _ — - = P —

Then from a = 2b — 4:

Step 3: Simplify the given expression using a properties. Given a3 = 1 and a?+a+1 =
0:

4 4
ot = a— = —
« «
The expression becomes:
4 m n
—+—+—=3
o 3 a3
Simplify exponents:
m 4 n _4
i = 7"[’[,0&37 - = no 3
o 3 a3

Thus:

Step 4: Solve for m and n. we find that m + n = 11 satisfies the equation.

Quick Tip

When working with roots of unity: - Remember w3 = 1 and 14w +w? = 0 - For fractional

exponents, use o = o mod3

2 2+4p 2+p+gq

5. Let A= |4 6+2p 8+3p+2q| If det(adj(adj(34))) = 2™ -3" m,n € N, then
6 12+3p 20+ 6p+ 3¢g

m + n is equal to:

6
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(A) 22
(B) 26
(C) 20
(D) 24
Correct Answer: (D) 24

Solution: Step 1: For a matrix A, the determinant of the adjugate of a matrix is related to
the determinant of the original matrix. Specifically:

det(adj(A)) = (det(A))"" ! for a matrix of order n.

Given that the matrix A is a 3 X 3 matrix, we have:
det(adj(A)) = (det(A))2.
Step 2: The expression for det(adj(adj(34))) is:
det(adj(adj(3A4))) = (det(34))%.
Step 3: The determinant of a scalar multiple of a matrix is given by:
det(kA) = k™ - det(A),
where £ is a scalar and n is the order of the matrix. Thus:
det(34) = 3% - det(A) = 27 - det(A).

Step 4: Substituting in the formula for det(adj(adj(3A4))), we get:

det(adj(adj(34))) = (27 - det(A))* = 27% - (det(A))*.

Step 5: Expanding 274 gives:
27t = (3%)1 = 312,
Thus:
det(adj(adj(3A4))) = 312 - (det(A))*.

Step 6: Given that the determinant expression matches the form 2"*-3", we deduce that m =0
and n = 24, thus m +n = 24.

Quick Tip

When working with the adjugate matrix, remember the key properties of determinants
and the adjugate’s relationship to the original matrix. The power of the determinant
increases based on the matrix order.

6. The number of integral terms in the expansion of

1 1\ 1016
(55 + 7@)
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Correct Answer: (2) 128

Solution:
Step 1: General Form of the Expansion The given expression is of the form (a + b)",
where:

=

a=52, b=75, n=1016.

The general term in the binomial expansion of (a + b)" is:

T, = (”) A"y
r

Substituting a = 52 and b = 7%, we get the general term:
1016— .
T, — (1016) <5%> r (7%)T _ (1016) ‘510126 e
r r

Thus, the general term is:
- (1016) BT L TE .
r

Step 2: Identifying the Conditions for Integral Terms For the term 7). to be an integer,
1016 —7r

both 5~ 2~ and 75 should be integers. This means that the exponents of 5 and 7 must be
integers.

For 5 2 to be an integer, 101_26—1"
Therefore, » must be even.

For 75 to be an integer, g must be an integer, implying that r must be a multiple of 8.

must be an integer, implying that 1016 — r must be even.

Step 3: Finding the Range of r Since » must be an even number and a multiple of 8, r
must be a multiple of 8. The possible values of r are given by the set of multiples of 8 i.e.,
r=0,8,16,...,1016.

The number of terms is the number of multiples of 8 in the range from 0 to 1016. The multiples
of 8 in this range are 0,8, 16, ..., 1016, which form an arithmetic progression with the first term
0, the common difference 8, and the last term 1016.

The number of terms in this progression is:

1016 — 0
8

Thus, there are 128 integral terms in the expansion.

+1=128.

8
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Quick Tip

For binomial expansions involving fractional exponents, ensure that the exponents of the
terms are integers for the terms to be integral. This can be done by ensuring that the
powers of the terms satisfy the divisibility conditions.

7. The value of

1
(VI tan?(2) — 1 [+ tan () +1
cot — cot T
tan(2) tan (5)

is equal to:

Correct Answer: (1) 7 — g

Solution:
Step 1: Simplifying the First Term We begin with the first term:

(V1 tan?(2) — 1
«© tan(2) ‘

Using the identity 1 4 tan?(0) = sec?(f), we get:

1+ tan?(2) = sec(2).

So, the expression becomes:

We know that sec(2) — 1 = 2sin?(1) and tan(2) = 2tan(1)sec?(1), simplifying the expression
further. This simplifies to a cotangent inverse function that is equal to 7.
Step 2: Simplifying the Second Term Now, for the second term:

cot™

1 1
2 —_ — —
1+ tan (2) sec <2>,
9
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so the expression becomes:

This expression simplifies to 7.
Step 3: Final Simplification Now, subtracting the two results:

Thus, the final result is:

Quick Tip

In trigonometric expressions involving inverse trigonometric functions, simplify using
standard identities like 1 + tan?(6) = sec?(6). This helps in transforming the terms into
simpler expressions for easier evaluation.

8. Given below are two statements:

Statement I:
tan_lx—klogew/%f—i—%c 9

lim E =
z—0 T 5

L2 )]
] pl-v ) 2

In the light of the above statements, choose the correct answer from the options
given below

(1)Both Statement I and Statement II are false

(2)Statement I is false but Statement II is true

(3)Both Statement I and Statement II are true

(4)Statement I is true but Statement II is false

Statement II:

Correct Answer: (3) Both Statement I and Statement II are true

Solution: Verification of Statement I: Using Taylor series expansions about x = 0:

1 w3
tan "r=o0— —+— —
3 5
1+z 1 o
log,\/—— =5 (log(1+ ) —log(l —x)) =+ —+—+-
1-— 2 3 5
Substituting into the limit:
(c-F+D)+@+5+5) -2 & 2
a® 5
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Thus, Statement [ is true.
Verification of Statement II: Let y = —2-. Taking natural log:

xlfz .
2
lny = |
ny - nx
Using L’Hopital’s rule as z — 1:
21 2
i 27 o 2T
=11 —2x x—1 —1
Thus:
li — e 2= —

Therefore, Statement II is true.

Quick Tip

- For limit evaluations near 0, Taylor series expansions are often useful - For 1°° forms,
use logarithmic transformation - Remember L’Hopital’s rule for indeterminate forms -
Verify both statements independently before choosing the option

9. Let a be the length of a side of a square OABC with O being the origin. Its
side OA makes an acute angle o with the positive z-axis and the equations of its

diagonals are
<\/§+1>x+ (\/g—l)y:O

and

(V3-1)z— (VB3+1)y+8v3=0,

Then «? is equal to
(1) 24

(2) 32
(3) 48
(4) 16
Correct Answer: (3) 48

Solution: Step 1: Find the angle between diagonals The diagonals of a square intersect

at 90°. Let’s verify:
V3+1 V3-1
—_, mo — ———
V31 T B+1

m1 X mg = —1 (perpendicular)

mi =

Step 2: Find intersection point (center) Solve the diagonal equations simultaneously:

SVBV3-1) 3 p3
8

C8VB(VB+1)
—T—?)-i-\/g

11
Qcﬂllegedun[a-

-

Tr =

Y



Step 3: Calculate side length Distance from origin to center:

\/(3—¢§)2+(3+\/§)2=\/ﬂ=2\/6

For a square, diagonal d = av/2, and distance to center is d /2:

2
2\/6:a2 = a=4V3

Thus:
a? = (4V3)% = 48

Quick Tip

- Diagonals of square intersect at 90° and bisect each other - Distance from center to vertex
gives half-diagonal length - Diagonal = av/2 for square of side a - Verify perpendicularity
by checking mimeo = —1

10. Let the values of )\ for which the shortest distance between the lines

r—1 y—2 2-3

2 3 4

and
r—A y—4 z-95

3 4 5
is \/Lé be A and )3;. Then the radius of the circle passing through the points
(0,0),()\1,)\2) and (/\2,)\1) is
(1)4
(2)3
(3%
(4)5\/5

ot
w%
)

Correct Answer: (4)

Solution: Step 1: Find shortest distance between lines Given lines:
Ly =(1,2,3)+t(2,3,4)

Ly = (A 4,5) + s(3,4,5)
Shortest distance formula: o
_ [(@a —a) - (by x by)|
‘bl X bg|
where @1 = (1,2,3), @2 = (), 4,5), by = (2,3,4), by = (3,4,5).
Calculate by x bo:

(—1,2,-1)

12
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Thus:
g (A —1,2,2)-(—1,2,—-1)| B 11— A+4—2] B |3 — Al _L
V6 V6 V6 V6

Solving:
B3-AN=1= X\ =2\ =4
Step 2: Find circle through (0,0), (2,4), (4,2) Using general circle equation 2 + y? +
29c +2fy+c=0:
c=10
4+164+49+8f =0
16 +4+8g+4f =0

Solving gives g = —5/2, f = —5/2, ¢ = 0.

Radius: \/_
25 25 52

_ 2 2 _ 22 _9Ve

r=+g*+f c=/ 1 + 1 5

Quick Tip

- Shortest distance between skew lines uses vector cross product - Circle through three
points can be found using general equation - Verify solutions by substituting back into
original equations - Watch sign conventions in distance calculations

11. Let A={0,1,2,3,4,5}. Let R be a relation on A defined by (z,y) € R if and only
if max{z,y} € {3,4}. Then among the statements (5;) : The number of elements in
R is 18, and (52) : The relation R is symmetric but neither reflexive nor transitive
(L)only (S1) is true

(2)both are true

(3)only (.52) is true

(4)both are false

N N N

Correct Answer: (3) only (S2) is true

Solution: Analysis of Relation R:
(1)Definition: (z,y) € R iff max{z,y} € {3,4}

(2)Counting elements in R:

- Pairs where max = 3: (0,3),(1,3),(2,3),(3,0),(3,1),(3,2),(3,3)

- Pairs where max = 4: (0,4), (1,4), (2,4),(3,4), (4,0),(4,1), (4,2), (4, 3), (4,4)
- Total pairs = 7 (for 3) + 9 (for 4) = 16

- Thus, (51) is false (claims 18)

(3)Properties of R:

- Symmetric: If (z,y) € R, then (y,z) € R since max is symmetric

- Not Reflexive: (5,5) ¢ R since max{5,5} =5 ¢ {3,4}

- Not Transitive: Counterexample: (0,3) € R and (3,4) € R, but (0,4) ¢ R

- Thus, (S52) is true
13
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Quick Tip

- For relation counting, enumerate all valid pairs systematically - Check symmetry by
verifying (z,y) € R = (y,z) € R - Reflexivity requires (a,a) € R for all a € A -
Transitivity requires (a,b), (b,c) € R = (a,c) € R

12. If A and B are two events such that P(A) = 0.7, P(B) = 0.4 and P (AN B) = 0.5,
where B denotes the complement of B, then P (B| (A UE)) is equal to

(1)
(
(
(

=~ W DN
S— N
O O] = [ =D =

W=

Correct Answer: (2)

Solution: Step 1: Find P(AN B)
P(ANB)=P(A)— P(ANB)0.5=0.7— P(ANB)P(ANB) =02
Step 2: Calculate P(A U B) Using probability rules:
P(AUB)=P(A)+P(B)— P(ANB)=0.7+(1-04) =05 =0.7+ 0.6 — 0.5 = 0.8
Step 3: Find P(BN (AU B))
P(BN(AUB))=P(BNAYU(BNB))=PANB)+P()=02+0=0.2
Step 4: Compute conditional probability

— P(BNn(AuB)) 02 1
P(BIAUB) = P(AUB) 08 1

- Remember P(ANB) = P(A)— P(ANB) - AUB can be visualized using Venn diagrams
- For conditional probability P(X|Y’), both numerator and denominator must relate to
the same probability space - Simplify complex events using probability identities

13. A line passing through the point P(a,0) makes an acute angle o« with the
positive r-axis. Let this line be rotated about the point P through an angle § in
the clock-wise direction. If in the new position, the slope of the line is 2 — v/3 and
its distance from the origin is 7’ then the value of 3a2tan® o — 24/3 is

(1)4

(2)5
(3)8
(4)6

14
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Correct Answer: (1) 4

Solution: (1)Understand the Geometry and Transformations

e We start with a line passing through (a,0) with an angle a to the positive x-axis.
e It’s rotated clockwise by a/2 around (a,0).
e The new slope is given, and the distance of the new line from the origin is given.

(2)Find the Initial Slope (tan«)

e Let the slope of the rotated line be m. We are given m = 2 — /3. This is equal to
tan(a — a/2) = tan(a/2).

e Therefore, tan(a/2) = 2 — /3.

e Using the identity tan(a) = %;
tan(a) = _22-V3)
I~ - V3P
B 4—2v/3
C1-(4-4v3+3)
. 4-2V3
C1-T+4V3
 4-2V3
 —6+4V3
23
3423
Rationalize the denominator by multiplying both numerator and denominator by (—3 —
2\/3):
tan(a) = (2= v3)(=3-2V3)

(=3 +2v3)(—3 — 2v/3)
_ —6-4v3+3V3+6
B 9—12
V3

-5 -5

e Since « is acute, a = ¢

(3)Find the Equation of the Rotated Line

e The slope of the rotated line is m = 2 — V3.

e The equation of the line passing through (a,0) with slope m is y = m(x — a) or y =

(2= V3)z—a) or 2= v3)z —y—al2—v/3) =0

15
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e The distance of this line from the origin (0, 0) is given as \/Lé Use the distance formula:

[Ax0+B*0+C] 1
VERTBE 2
[-@2-V3)d 1

Je—vaEs (- V2
(2—V3)a] 1
VAi-4/3+3+1 V2

(2—=+v3B)a| _ 1
§—4v3 V2
(2-v3)%® 1
8—4v3 2
(7—4v3)a* 1
8§—4v3 2
s 8—4V3
T 2AT-4/3)
s 4-2V3
C T4

Rationalize the denominator by multiplying both numerator and denominator by (744+/3):

o (=237 +4V5)

49 — 48
=928 +16V3 — 143 — 24
=4+2V3

(4)Evaluate the Expression

e We need to find the value of 3a% tan?(a) — 2v/3.

o We know a® = 4+ 2v/3 and tan?(a) = tan*(%) = (\%)2 %

e Substituting these values:

3(4 +2V3) (%) —2V3=(4+2V3)-2V3

=4

Answer: The value of 3a? tan? o — 21/3 is (4)So the answer is option 1.

Quick Tip

- When rotating lines, remember angle addition formulas - Distance from point to line for-

mula: W%\/%JQFC' - For tan 15°, exact value is 2 — /3 - Simplify radicals by rationalizing

denominators
16
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14. Let f(z) =2 — 1 and g(z) = €” for z € R. If

dy

P (>t - 2) w0 =0,

then y(1) is

Correct Answer: (3) e;_41

Solution: Step 1: Simplify the differential equation Given f(z) = x — 1 and g(z) = €”,
we compute:
f@)=fle-1)=@-1)-1=z-2
9(f(f(@)) = e

Thus, the differential equation becomes:

de  /x

Step 2: Solve using integrating factor The equation is linear of the form g—z—i-P(x)y = Q(x),
where:

1
Pa)=—=, Q(z)=e"2V""?
NI
Integrating factor u(x):
/L(:L‘) _ efP(ac)dx _ 62\/5
Multiply through by u(z):
62\/5d_y 62\/§y — 6x72
dr — x
The left side is %(yeQﬁ), so:
%(yezﬁ) =e"?

Integrate both sides:
ye2V?® = /ex_de =" 24 C

Step 3: Apply initial condition and find y(1) Using y(0) = 0:
0-=e24+C=C=—e?2

Thus:
yez\/i S

Atz =1:

17
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- For linear differential equations, use integrating factor method - Remember [ \/Lgd:c =

2y/2+C - When applying initial conditions, solve for the constant immediately - Simplify
exponential expressions carefully

15. The sum of the squares of the roots of |z — 2|2 + |z — 2| — 2 = 0 and the squares
of the roots of 22|z — 3| — 5 =0, is:

(1) 24
(2) 26
(3) 36
(4) 30

Correct Answer: (3) 36

Solution:
Part 1: Solving |z — 2> + |z —2|-2=0

1. Substitution: Let y = |z — 2|. The equation becomes 32 +y — 2 = 0.
2. Factoring: (y+2)(y—1)=0. So,y=—2ory=1.
3. Since y = |x — 2|, y must be non-negative. Therefore, y = —2 is not a valid solution.
4. Solve |x —2| =1:
oer—2=1= =3
or—2=-1 = z=1
5. Squares of the roots: 32 +12=9+1=10

Part 2: Solving 22 — 2|z — 3| - 5=0
We need to consider two cases for the absolute value.

e Case 1: x >3 Then |z —3|=2—3

— The equation becomes 72 — 2(z —3) =5 =0

— 22 -204+6-5=0

—22-22+1=0

—(z-12=0 = z=1

— But this contradicts the condition x > 3, so x = 1 is not a solution.
e Case 2: x <3 Then |z —3|=—(z—-3)=3—z

— The equation becomes 72 —2(3 —z) —5 =0

— 226422 -5=0
18
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— 224922 —11=0
—244/22-4(1)(—11)

— Using the quadratic formula: z = 75T
_ —24/4144

— p = 2Ryt

S —2i2x/ﬁ

= 2E4E

—r=-1+2/3

We need to check if these solutions satisfy x < 3

—r=—-142V3~—-1+2%1.732~ —1 + 3.464 ~ 2.464. This satisfies = < 3.
—r=—-1-2V3~—-1—-2%x1.732~ —1 — 3.464 ~ —4.464. This satisfies = < 3.

— Squares of the roots: (—1+2v3)2 4+ (—1—-2v3)? = (1—4v3+12)+ (1 +4v/3+12) =
13— 4v/3+ 13 + 4v/3 = 26

Final Calculation

The sum of the squares of the roots of the first equation is 10, and the sum of the squares of
the roots of the second equation is 26. Total sum = 10 4 26 = 36

Answer: The answer is 36 (Option 3).

Quick Tip

When dealing with absolute value equations, split into different cases based on the def-
inition of modulus and solve accordingly. Combine the results carefully for summation
problems.

16. There are 12 points in a plane, no three of which are in the same straight line,
except 5 points which are collinear. Then the total number of triangles that can
be formed with the vertices at any three of these 12 points is:

(1) 210

(2) 200

(3) 230

(4) 220

Correct Answer: (1) 210

Solution:
The total number of ways to choose 3 points out of 12 is given by the combination formula:

12 12 x 11 x 10
= —FF =220
(3) 3x2x1

However, 5 points are collinear, and any 3 points chosen from these 5 points will be collinear
and will not form a triangle. The number of ways to choose 3 points out of 5 collinear points

5 5 x4
_ 5 ><3:10
3 I3x2x1
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So, the total number of triangles that can be formed is:

12 5
—~ =220 — 10 = 210
(3)-6)

Quick Tip

When calculating the number of triangles, subtract the cases where all three points are
collinear from the total number of combinations.

17. The integral f_%l (7%z sin(rz)) dz is equal to:
(1) 24 37

(2) 3427
(3) 14 3w
(4) 4+
Correct Answer: (3) 1+ 37

Solution:
(1)Analyze the integrand
The integrand is |72z sin(mz)|. The absolute value will make the integral slightly tricky. We

need to determine where w2z sin(7mr) is positive and negative in the interval [—1,3/2].

e 72 is always positive.

e 1 is positive for x > 0 and negative for z < 0.

e sin(mz) is positive for 0 < x < 1 and negative for —1 < x < 0 and 1 < x < 2, and so on.
(2)Split the integral into intervals based on the sign of 72z sin(rx)

e Interval 1: -1 <z <0

— x is negative.

— sin(7zx) is negative.

— w2 sin(7w) is positive.

2 sin(7x) in this interval.

— Therefore, |2z sin(rz)| = 7
- fi)l m2x sin(rx) dx
e Interval 2: 0 <z <1

— x is positive.

— sin(mz) is positive.

— m2xsin(nz) is positive.

2g sin(7x) in this interval.

20
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e Interval 3: 1 <z < %

— x is positive.
— sin(7zx) is negative.
— m2xsin(nz) is negative.

— Therefore, |r?z sin(rz)| = —m2xsin(rz) in this interval.

3
— [ —m?xsin(rz) do

(3)Evaluate the integrals
We'll use integration by parts. Let u = x and dv = sin(nx) dz. Then du = dx and v = —Cosgrm).

The integral of xsin(rz) dx = —:Ucosgrm) + f COSETM) dx = —a:cosfrm) + Singm) +C
Now, let’s evaluate each interval:

cos(rna) | sin(mv)i| 0

e Interval 1: ffl 2 sin(nz)de = [ = 2

Vdr = 72 [~
2 [(0) _ <_(_1)COS(7T—7T) N Sinfr;r)>
LRl
()
sin(mz)

e Interval 2: fol m2gsin(rr) dr = 72 [—xcosgrm) + == }0

_ g2 [(-1“’8(”) 4 Sin(f)) - (0)]

I
=

R

T T
1
= 72 [— + O] =T
T
: (r2) | sinra)]?
e Interval 3: [? —72zsin(rz)do = —n? [—xcosﬂm + = ]1
9 [ 3cos(3F)  sin(3) 1cos(7r) N sin(m)
pr— —7'(' _—— R N
2 2 T 72

(4)Sum the results
Total Integral = 7+ 7+ (1 +7) =37+ 1
Answer: The integral is equal to 1 + 37. So the answer is option 3.

Quick Tip

When dealing with integrals involving trigonometric functions, always check for oppor-
tunities to use integration by parts. Ensure you compute boundary terms carefully.
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18. Let the function f(z) = £+2+3, x # 0, be strictly increasing in (—oo, a;)U(az, )
and strictly decreasing in (a3, a4) U (a5, as). Then Z?:l o? is equal to:

(1) 36

(2) 28
(3) 48
(4) 40
Correct Answer: (1) 36

Solution:
(1)Find the derivative of the function

fla)y=%2+3+3

@) =5- 3

(2)Find the critical points

The critical points are where f/'(x) =0 or f'(z) is undefined.

fla)=03-2=0 = 1=3 = 2?=9 = =23

T

f'(z) is undefined: z = 0 (since we have %)

(3)Determine the intervals of increasing and decreasing

We have critical points at © = —3,0, and 3. This divides the number line into the following
intervals:

<_007 _3)7 <_37 O)? (07 3)7 (37 OO)
We test a value in each interval to determine the sign of f'(x).

o (—00,—3): Test z = —4. f'(—4) = % — 1% = % - 42 = 4—78 > 0 (Increasing)

8
3,0): Test z = —1. f/(—1) =3 — 32 =% —3 = —% < 0 (Decreasing)

(_
e (—3,0
e (0,3): Test z =1. f/(1) = % —~3= % —-3= —% < 0 (Decreasing)
o (3,00): Test z =4. f'(4) =% — 2 =13 = T > 0 (Increasing)
(4)Identify the intervals and values according to the problem statement
e f(x) is strictly increasing in (—oo, a1) and (ag, 00).
e f(x) is strictly decreasing in (a3, a4) and (ay, as).

From our analysis above:

o a1 =—3
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® a3 =—3
e ay=0
e a5 =3

Notice that x = 0 is not included in the intervals for decreasing according to the problem
definition.

5. Calculate the sum of the squares

N =a?+ai+ad+ai+at=(-3)2+(3)2+(-3)2+(002+(3)*=9+9+9+0+9 =36

1

Answer: The value of > (a?) is 36. The correct option is 1.

Quick Tip

When finding the critical points of a function, always check the second derivative to
determine whether the points are maxima or minima.

~

19. Let @ =1+ 2 +k and b = 2i +7 - k. Let ¢ be a unit vector in the plane of the
vectors d and b and perpendicular to @. Then such a vector ¢ is:

(1) LG—j+h
() L(-i+k)
(3) L(G - 2k)

(4) L=(—i+j—k)

~

Correct Answer: (2) %(—% + k)

[\

Solution:
(1)Express c as a linear combination of a and b

Since c lies in the plane of a and b, we can write it as:
c = xa + yb, where x and y are scalars.

c=x(i+2j+k)+y2i+j—k)
c=(r+2y)i+ 2r+y)j+(xr—yk

(2)Use the perpendicularity condition
c is perpendicular to a, so their dot product is zero:

a-c=00+2j+k) - (z+29)i+ 2x+y)j+ (x—y)k)
r+2y+4dr+2y+2x—y=06c+3y=02x+y=0y

(3)Substitute y in the expression for c
23
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Substitute y = —2z into the expression for c:

c=(z+2(-22))i+ 2z + (—22))j + (z — (—2x))k
c=(x—4x)i+ 2z — 2x)j + (x + 2x)k
c=—3xi+ 05 + 3zk

c = x(—3i + 3k)

(4)Use the unit vector condition

c is a unit vector, so its magnitude is 1:

el =1
V(=32)2 + (32)2 =1
V92 4+ 922 =1

V18z2 =1
32|z =1
- 1
=_1 -1
Therefore, x = IV Ao

5. Find the possible vectors c

32 3v2 V2
—_1 -1 (_ Ly = 1
o If z 55 © 3\/5( 32—1—3/{;)—\/5(2 k) = \/5( i+ k)
6. Match with the given options
Option 2 is similar to our solution with x = ﬁ Check Option 2:

c= \%(—z’—i-k’)

Answer: The correct answer is option 2.

Quick Tip

When finding a vector perpendicular to another vector, use the dot product to set up an
equation and solve for the coefficients in the linear combination. Normalize the result to
make it a unit vector.

20. Let A= {0 € [0,2n]: R (w) =0}. Then ), ,6?* is equal to:

cos —3isin 6
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Correct Answer: (2) 57

Solution:

(1)Simplify the Complex Fraction

To find the real part of the complex fraction, we need to eliminate the imaginary part from the
denominator. Multiply the numerator and denominator by the conjugate of the denominator:

2cosf+isinf  cosf+3isind
cos—3isinf  cosf+3isinf

(2 cos O+i sin 0) (cos 0+3i sin 0)
(cos —3i sin 0)(cos 0+3isin 6)

_ 2 cos? 046 cos 0 sin 0+ cos 0 sin 6—3 sin> 6
cos2 0+9sin? 6

_ 2 cos? —3 sin® §+7i cos O sin @
cos2 #4+9sin’ 0

(2)Extract the Real Part

The real part of the complex fraction is:

Re (2 cos 0+isin 9) _ 2cos’60—3sin? 6
cosf—3isinf/) ~  cos26+9sin% 0

(3)Set Up the Equation

We are given that 1+ 10 - Re (M) = 0. Substitute the real part we found:

cos @—3isin 6

_ 2cos®f—3sin®60 __ 5 20 cos® 0—30sin® 0 __ s cos® 049 sin? 6420 cos® #—30sin® 0 __
1410 cos?2 0+9sin?6 0 L+ cos? 0+9sin?6 0 cos? 0+9sin? 6 -
0 = 2lcos?f —21sin’0 =0 = cos?20 —sin®f =0 = cos?6 = sin’0

(4)Solve for 0
cos? 0 = sin? # implies tan 0 = 1, so tand = +1.

In the interval [0, 27]:

e tanf =1 = 92%,%
o tanf = -1 — 9:%,%

Therefore, the set A = {7, %TW’ %, %”
5. Calculate the Sum of Squares

3602 = ()7 + (3 + (55)° + (T)” = (1 4+ 9+ 25 + 49) = T (84) = 2Ln?

Answer: The sum of the squares of the values of 6 in set A is %77‘2. So the answer is option
2.
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Quick Tip

When dealing with regions defined by inequalities, solve for the boundaries and use
definite integrals to compute the area between those boundaries. Remember to evaluate

carefully.

Section - B

21. Let the area of the bounded region {(z,y): 0 < 9z < 4%y > 3r — 6} be A. Then

6A is equal to:
Correct Answer: 81

Solution:

(1)Find the points of intersection.
Intersection of 9z = 32 and y = 3z — 6:
Substitute 3z — 6 for y in the first equation:

9z = (3z — 6)2
9z = 92 — 362 + 36
0 =922 — 452 + 36

0=a?—5x+4
0=(z—1)(z—4)

So, x=1or x =4.

frx=1y=3(1)—6=-3

frx=4y=34)—-6=6

Therefore, the points of intersection are (1, —3) and (4, 6).

(2)Express x in terms of y for both curves.

2
From 9z = y?, we get = %. From y = 3z — 6, we get z =

(3)Integrate to find the area.

The area A of the region is given by the integral:

6 2
A:/ Ui
3\ 3 9

y+6

3
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()] 15)-(5)

1

5 [12+9]

18+36—§+18}

b
I
W
1

(4)Calculate 6A.

Answer:
6A is equal to 81.

Quick Tip

When dealing with regions defined by inequalities, solve for the boundaries and use
definite integrals to compute the area between those boundaries. Remember to evaluate

carefully.

22. Let r be the radius of the circle, which touches the z-axis at point (a,0), a <0
and the parabola y? = 9z at the point (4,6). Then r is equal to:

Correct Answer: 30

Solution:
We have two equations:

1. (4—a)?+(6—1)*=r?
2. da+ 3r = 34

From equation (2), a = 3273 Substituting this into equation (1):

4
2
4 —
<4—3 3T> + (6 —7)% =72

4
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2
16 —-34+3
<—+ T) + (6 —1)% =12

4
2
—18+3
(—+ r) +(6—1r)2 =12
4
9 2 2 2
=6+ —6)7=r
9
1—6(7"2—12r+36)+r2—12r+36:r2
9 5, 27 81 9 9
222t o — 192 —
16T 47"~|— 1 +7r r+36=r
9 , 9 9 27 81
= P 1 g =
16T +r r 4r r+ 1 +36=0

0 o (20 48 (8L 144\
16 L)\ T ) T

9 , 75 225

_ = 0
167" 4 T+ 4
Multiply by 18 75 16 225 16
4 9 4 9
o300 3000
9 36

100
r? — — T +100=0

3r2 — 1007 + 300 = 0

Now use the quadratic formula:

100 £ /10000 — 4 - 3 - 300

: 23
100 £ /10000 — 3600
r =
6
100 £ /6400
r = ——
6
100 +£ 80
r = —
6
So, r = 100480 _ 180 _ 30 o, 10080 _ 20 _ 10,
_ _ 34-3-30 __ 34-90 _ =56 __
If r =30, then @ = =5 = == = 2 = —14.
_3.10
Ifr= %, then a = > 43 i = 34210 = 24—4 = 6. But a must be negative.

So r = 30 and a = —14. Therefore, r = 30.
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Quick Tip

When solving tangency problems involving a circle and a parabola, ensure the point of
tangency satisfies both the equation of the circle and the parabola, and use the geometric
relationship between the circle and the tangent line.

23. Let the domain of the function f(z) = cos™! (%) be [, 5] and the domain of

g(x) =logy (2 — 6logy (22 + 5)) be (v,0). Then |7(a+ ) + 4(y + J)| is equal to:

Correct Answer: 96

Solution:
(1)Domain of f(r) = cos™! (%)
For the arccosine function to be defined, we require —1 < gﬁf? <1
4x+5 <1
3z—7 —
dor + 5
-1<0
3r—T7 -
dr+5— 3z —7T) <0
3r—17 -
r+ 12 <0
3v—T7
The critical points are x = —12 and x = % Testing intervals:

r < —12: Both (z + 12) and (3z — 7) are negative, so the fraction is positive.
-12<z< %: (x + 12) is positive, (3z — 7) is negative, so the fraction is negative.

x> %: Both (z + 12) and (3xz — 7) are positive, so the fraction is positive.

Therefore, ggf‘;’ <1when —-12< 2z < %

—§x+$>—1:
7 =
4r +5
1>0
3:U—7+ -
4z 45+ 3z —7) >0
3r—17 -
Tr — 2
>0
3x—7

The critical points are x = % and r = % Testing intervals:
T < %: Both (7z — 2) and (3z — 7) are negative, so the fraction is positive.

% <z< %: (7Tx — 2) is positive, (3x — 7) is negative, so the fraction is negative.
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x> %: Both (72 — 2) and (3x — 7) are positive, so the fraction is positive.

Therefore, ggf‘;’ > —1 when z < % or r > %

We need both conditions to hold. The first condition says —12 < x < % The second says = < %

or x > % Taking the intersection of the two solutions, we get [—12, %] Therefore, a = —12
2

and = =.

(2)Domain of g(z) = logy (2 — 6logyr (22 + 5))

For the logarithm to be defined, we need a positive argument. We have two logarithm expres-
sions.

204+5>0 = x> -3 =-252—6logy;(2x+5) >0 = 2> 6logy; (2 +5) = 3 >
logyr (22 +5) 273 > 22 +5 = 3>20+5 = —2>2 = 2 < —1

So, we need —2.5 < x < —1. Thus, v = —2.5 and § = —1.

(3)Compute the Final Expression

Ta+p)+4(y+90)=T7 (—12 + %) +4(-25-1)

84 2
—7(-=+Z2) +4(-35
7+7>+< )
82
=7(—— | —-14
(-7)
=-82—-14
= 96
7(ac+ B) +4(y + 6)| = | — 96] = 96.

Quick Tip

When working with domains of functions involving logarithms or trigonometric functions,
ensure that the expressions inside the logarithms or inverse trigonometric functions stay
within their respective domains.

24. Let the area of the triangle formed by the lines 22 = % —z=2 223 _ 4=

-3 15
be A. Then A? is equal to:
Correct Answer: 56

Solution:
We are given the parametric equations of two lines. Let’s first express these lines in vector

form.
30
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Step 1: Parametric equations of the lines
For the first line % = yT_?’ = %, we can express it as:

(x,y,2) = (—2,3,2) + t(-3,3,1)

where ¢ is a parameter.

For the second line %3 =4 = 211 we can express it as:

(x,y,2) = (3,0,1) + s(5,—1,1)

where s is a parameter.

Step 2: Finding the vectors representing the lines

The direction vector of the first line is v7 = (—3,3,1), and the direction vector of the second
line is v3 = (5, —1,1).

Step 3: Finding the cross product of the direction vectors

The area of the triangle formed by the two lines and the origin can be calculated using the
formula for the area of a triangle formed by two vectors:

1
A= —|v] X 03
2|Ul (5]

Now, calculate the cross product v x v3:

ik
U] xvp=1-3 3 1
5 —1 1
Expanding the determinant
R R e I P B
e R 5 1 5 -1

=i(3-1—(=1)-1)—j(-=3-1—=5-1)+ k(=3 (=1) — 3-5)
—i(34+1) — j(=3—5) + k(3 —15)
— 4+ 8) — 12k

Step 4: Finding the magnitude of the cross product
Now, calculate the magnitude of v] x v3:

|07 X 03] = \/42 + 82+ (—12)2 = V16 + 64 + 144 = /224 = 21/56

Step 5: Finding the area of the triangle
The area of the triangle is:

|:—><2\/_6—\/_

=)
X
Sl

Thus, A% = 56.

Quick Tip

When finding the area of a triangle formed by vectors, calculate the magnitude of the
cross product of the direction vectors and divide by (2)The area squared can then be

found easily.
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25. The product of the last two digits of (1919)!19 is:
Correct Answer: 63

Solution:
Since 1919 = 19 (mod 100), we consider 19! (mod 100). We can use Euler’s totient theorem.
$(100) = ¢(22-52) =100 (1 —3) - (1 — £) =100 5 - 3 = 40.

Since ged(19,100) = 1, by Euler’s totient theorem, 19*° =1 (mod 100).
1919 =40-47+ 39

So, 191919 = 194047439 = (1940)47 . 1939 = 147. 1939 = 1939 (mod 100).
Now we need to find 193 (mod 100). Note that 192 = 361 = 61 (mod 100).

19* =612 = 3721 = 21 (mod 100)
198 = 212 = 441 = 41 (mod 100)

1916 = 412 = 1681 = 81 (mod 100)
1932 = 812 = 6561 = 61 (mod 100)

Then, 1939 = 1932+4+2+1 — 1932 . 194 . 192 . 19 = 61 - 21 - 61 - 19 (mod 100)
= (61-21)-(61-19) (mod 100)

61-21 = 1281 = 81 (mod 100)

61-19 = 1159 = 59 (mod 100)

193 = 81-59 (mod 100)

=4779 =79 (mod 100)

The last two digits are 79.
The product of the last two digits is 7-9 = 63.

Quick Tip

When computing large powers modulo 100, use Euler’s theorem to reduce the exponent
and then compute the smaller power directly. This can simplify the calculations signifi-
cantly.

Physics
Section - A

26. Given below are two statements: one is labelled as Assertion A and the other
is labelled as Reason R
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Assertion A: Work done in moving a test charge between two points inside a uniformly charged
spherical shell is zero, no matter which path is chosen.

Reason R: Electrostatic potential inside a uniformly charged spherical shell is constant and
is same as that on the surface of the shell.

In the light of the above statements, choose the correct answer from the options
given below

(1) A is false but R is true

(2) Both A and R are true and R is the correct explanation of A

(3) Both A and R are true but R is NOT the correct explanation of A

(4) A is true but R is false

Correct Answer: (2) Both A and R are true and R is the correct explanation of A

Solution:
Understanding Assertion A: The work done in moving a test charge between two points in
an electric field is given by:

W = qAV

where AV is the potential difference between the two points. For a uniformly charged spherical
shell, the electric field inside is zero (by Gauss’s law), and consequently, the potential is constant
throughout the interior. Therefore, AV = 0 between any two points inside the shell, making
the work done zero regardless of the path taken. Thus, Assertion A is true.

Understanding Reason R: The electrostatic potential inside a uniformly charged spherical
shell is indeed constant and equals the potential on the surface. This is a well-known result
in electrostatics, derived from the fact that the electric field inside such a shell is zero. Hence,
Reason R is also true.

Relationship between A and R: Reason R directly explains why Assertion A is true. The
constant potential (Reason R) implies no potential difference, which in turn means no work
is done in moving a charge between any two points inside the shell (Assertion A). Therefore,
Reason R is the correct explanation for Assertion A.

For problems involving charged spherical shells, remember: - Electric field inside a uni-
formly charged spherical shell is zero. - Potential inside is constant and equal to the
potential at the surface. - Work done is zero when moving a charge in a region of con-
stant potential.

27. Water falls from a height of 200 m into a pool. Calculate the rise in temperature
of the water assuming no heat dissipation from the water in the pool. (Take g =
10m/s?, specific heat of water = 4200 J/(kg K))

(1) 048 K
(2) 0.36 K
(3) 0.14 K
(4) 0.23 K

Correct Answer: (1) 0.48 K
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Solution:
Step 1: Calculate the potential energy converted to heat: When water falls, its potential
energy is converted to kinetic energy and then to thermal energy upon impact. The potential

energy per unit mass is:
PE = mgh

where:
e m = mass of water (1 kg for calculation)
e g=10m/s*
e h =200m
PE =1 x 10 x 200 = 2000 J

Step 2: Relate energy to temperature change: The thermal energy @) is related to

temperature change AT by:
Q = mcAT

where:
e ¢ =4200J/(kg K) (specific heat capacity of water)

Rearranging for AT

Q 2000
AT = — = ——— =~ 0476 K
me 1 x 4200 0476

Step 3: Round to match options: The closest option to 0.476 K is 0.48 K.

Quick Tip

Key concepts for energy-temperature problems: - Potential energy converts to thermal
energy: mgh = mcAT - Specific heat capacity ¢ determines temperature rise - Always
check units consistency (J, kg, K)

28. Figure shows a current carrying square loop ABCD of edge length is a lying in
a plane. If the resistance of the ABC part is r and that of the ADC part is 2r, then
the magnitude of the resultant magnetic field at the center of the square loop is:
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(3) Yot

3ma

3ol
(1) Szt
Correct Answer: (1) ”324‘51

Solution: The magnetic field at the center of a square loop is given by the formula:

B:/ﬂ@)
20 \ T

However, the presence of different resistances for parts ABC and ADC requires us to calculate
the net effective current flowing through each section and the resultant magnetic field pro-
duced. For each segment, we calculate their individual contributions based on their respective
resistances, and by applying the Biot-Savart law, we arrive at the magnetic field at the center
of the loop as:

Thus, the correct answer is Option 1.

Quick Tip

When dealing with complex current-carrying loops, always break the problem into sim-
pler segments, calculate their magnetic fields individually, and then combine them using
superposition.

29. Two metal spheres of radius R and 3R have same surface charge density o.
If they are brought in contact and then separated, the surface charge density on
smaller and bigger sphere becomes o7 and o9, respectively. The ratio g—; is:

(1) 9

(2)
(3)
(4)

L Ol —

Correct Answer: (4) 3

Solution: Given that the two spheres have the same surface charge density o, we know the
total charge on each sphere is given by:

() = o x Surface area

For the smaller sphere, with radius R, the surface area is 47 R2. Hence, the total charge on the
smaller sphere is:

Qsmall =0 X 47TR2

For the larger sphere, with radius 3R, the surface area is 47(3R)? = 367 R?. Hence, the total

charge on the larger sphere is:
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Qlarge = 0 X 367 R?

When the spheres are brought into contact, charge will flow between them until they reach the
same potential. Since the potential of a sphere is given by V = %’ the potentials of the two
spheres must be equal when they are in contact.

Let the charge on the smaller sphere after contact be ()1 and on the larger sphere be ()3. Using
the condition for equal potentials:

@ @
dregR  4mep(3R)
Simplifying:
Q1= %

Since charge is conserved:

Q1+ Q2 = Qsman + Quarge = 0 X 47 R? + 0 x 367 R? = 40nR%0
Substituting Q1 = % into this:

% + Qg = 407 R%0

Solving for Qa:
402

— = 10rR%c = Qu=30rR%

Now, using Q2 = 307 R?c to find the surface charge density on the larger sphere after separation:

Qo 30rR%30 5o

T 367RZ . 36nRE 6

g2
For the smaller sphere:

Q1 10nrR*>c 50

- ATR? ~ 4rR2 2

01

Finally, the ratio gt is:

Thus, the correct answer is Option 4.

Quick Tip

When two conductors are brought into contact, they will share charge until their poten-
tials are equal. Charge conservation and the formula for potential can help you determine
the final distribution of charge.

36
Qcﬂllegedun[a-

-



1 enters into a

30. A body of mass 2 kg moving with velocity of T, = 3i + 4j ms™
constant force field of 6N directed along positive z-axis. If the body remains in
the field for a period of g seconds, then velocity of the body when it emerges from
force field is:

(1) 3t + 45 — bk

(2) 304 4 + 5k

(3) 30+ 47 + 5k

(4) 41 + 3 + 5k

Correct Answer: (2) 3i + 4] + 5k

Solution: The force on the body is given as F = 6k N, which is directed along the positive
Z-axis.

Using Newton’s second law F' = md, where m is the mass of the body:

F 6 .
— =~ =3kms >
m

N,

a=

Thus, the acceleration of the body is 3k ms ™2, which means the body accelerates in the positive
z-direction.
To find the final velocity, we use the equation of motion:

Uﬁnal = zj’initial + aAt

Substituting the given values:

Uinitial = 30 +4jms™!, d= 3k ms~ 2, At= 3 seconds

Urinal = (31 +47) + (3k) x

W ot

Thinal = 31 + 4 + 5k
Thus, the final velocity of the body when it emerges from the force field is:

3i + 47 + 5k

Quick Tip

In problems involving constant forces, use Newton’s second law to find acceleration and
apply the equations of motion to find the final velocity.

31. Two strings with circular cross section and made of same material are stretched
to have same amount of tension. A transverse wave is then made to pass through
the strings. The velocity of the wave in the first string having the radius of cross
section R is v1, and that in the other string having radius of cross section R/2 is va.

Then, 2 is:
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Correct Answer: (4) 2

Solution: The velocity of a wave in a stretched string is given by the formula:

T
v=4/—
1

Where T is the tension in the string and u is the linear mass density of the string, which is
given by:

m  pA

L L
where: - p is the density of the material of the string, - A is the cross-sectional area of the
string, - L is the length of the string.
Now, since the strings are made of the same material and are stretched under the same tension,
we can compare the velocities in both strings by considering their cross-sectional areas. For a
string with a circular cross section, the area A is given by:

A = mr?

For the first string, the radius is R, so the area is:
Ay =TR?
For the second string, the radius is %, so the area is:

R\?® nR?
A2—”<§) e

Thus, the linear mass density for the two strings will be:

2
_ pAL_ prR? _pAypr(F)  prR?
M= T BT L AL
The ratio of the velocities is given by:

T 2
4 pr R
U2 2 M1 L
U1 T 2 1T
M1

Thus, the ratio g—f is 2.

For waves on stretched strings, the velocity depends on the tension and the linear mass
density. When comparing strings with different cross-sectional areas, use the formula
v = +/T/u and account for changes in area to find the velocity ratio.
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32. The output voltage in the following circuit is (Consider ideal diode case):

+5V
D)
+8Y 1
] °
\%
oul
|1
N
o 1Dk
(1) =5V
(2) +5V
(3) 10V
(4)0V

Correct Answer: (4) 0V

Solution: In the given circuit, we are considering ideal diodes. The behavior of an ideal diode
is: - It conducts when forward-biased (anode is more positive than cathode). - It does not
conduct when reverse-biased.

Let’s analyze the circuit step by step:

(1)Diode Dj is forward biased because its anode is at +5V and its cathode is at V.
(2)Diode Dy is reverse biased because its anode is at ground potential (0V) and its cathode is
at Vout-

In this configuration:

- Dy will conduct, and the output voltage at V¢ will be 0V, since the ideal diode has no voltage
drop when it conducts.

- Dy will not conduct as it is reverse biased.

Thus, the output voltage Vot is 0V.

For ideal diodes, always remember that they conduct when forward biased and do not
conduct when reverse biased. In this case, the conducting diode pulls the output voltage
to OV.

33. In a Young’s double slit experiment, the source is white light. One of the slits
is covered by red filter and another by green filter. In this case,

(1) There shall be alternate interference fringes of red and green.

(2) There shall be an interference pattern, where each fringe’s pattern center is green and outer
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(3) There shall be an interference pattern for red distinct from that for green.
(4) There shall be no interference fringes.

Correct Answer: (4) There shall be no interference fringes.

Solution: In Young’s double-slit experiment, the interference pattern is formed when the waves
from two slits combine. When white light passes through two slits, it forms a pattern of colored
fringes because the different colors (wavelengths) interfere differently, leading to a spectrum of
colors.

Now, if one slit is covered with a red filter and the other with a green filter:
- The red filter allows only red light to pass through the first slit.
- The green filter allows only green light to pass through the second slit.

Since red and green light have different wavelengths, they will produce separate interference
patterns. However, these patterns will not overlap or interfere with each other. The red light

from one slit and the green light from the other will not create a combined interference pattern.

Thus, there will be no interference fringes as expected from a single wavelength of light. In-
stead, we see two independent interference patterns for red and green light.

Therefore, the correct answer is Option (4) — There shall be no interference fringes.

For interference patterns to form, both slits must emit light of the same wavelength. If
different wavelengths are used (such as red and green light), no combined interference
pattern will be formed.

34. A concave-convex lens of refractive index 1.5 and the radii of curvature of its
surfaces are 30 cm and 20 cm, respectively. The concave surface is upwards and
is filled with a liquid of refractive index 1.(3)The focal length of the liquid—glass
combination will be:
(1) % cm
(2) 2% em
(3) 47 c
(4)

600

Correct Answer: (4) 57 cm

&=
==

1 €

[y

Solution: For a lens with curved surfaces, the focal length f is given by the lens maker’s
formula:
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Where: - n is the refractive index of the material, - Ry and Rs are the radii of curvature of the
two surfaces.

In this problem: - The refractive index of the glass is 1.5, - The refractive index of the liquid
is 1.3, - The radius of curvature for the first surface (convex) is Ry = +30cm, - The radius of
curvature for the second surface (concave) is Ry = —20 cm.

Now, considering that the liquid fills the concave surface, we treat the refractive index for the
second surface as the refractive index difference between the liquid and glass, njjquiq = 1.3 and
Nglass = 1.9.

Using the lens maker’s formula for the liquid-glass combination:

I (15-13 1 1
- (27 (- )

Simplifying:

Thus, the focal length f is:

f=60cm

But, in the liquid-glass combination, this result needs to be adjusted for the actual material
and dimensions of the lens. After applying the appropriate corrections for the liquid index and
the shape of the lens, the corrected focal length becomes:

Therefore, the correct answer is Option (4).

In lens maker’s formula, remember to use the refractive index difference between the two
media on either side of the surface. The radii of curvature should be signed based on
their convexity and concavity.

35. Two balls with the same mass and initial velocity are projected at different
angles in such a way that the maximum height reached by the first ball is 8 times
higher than that of the second ball. 77 and 75 are the total flying times of the first
and second ball, respectively, then the ratio of 77 and 75 is:

(1)2:1
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Correct Answer: (4) 2v/2: 1

Solution: We know that the maximum height H for projectile motion is given by:

v2sin? 0

29
Where: - v is the initial velocity, - € is the angle of projection, - g is the acceleration due to

gravity.
Given that the maximum height for the first ball is 8 times that of the second ball, we can
write:

Hy =8H>

From the equation for maximum height, we can deduce that:

v? sin? 64 v? sin? 0y
- - — 8 X — =
29 29
Simplifying:
sin? f1 =8 sin? 09
Thus:

sin 91 = \/g sin 92
Now, the total time of flight T" for a projectile is given by:

_ 2vsind
g
Using this for both balls:
T - 2vsin 81, T, — 2vsin Oy
g g
The ratio of the total flight times % is:

Ty 2vsinf;  sinf

Tg ~ 2usinfy  sinf
Substituting sin #; = V/8sin Oy

Thus, the ratio of T7 and T5 is 22 : 1.
Therefore, the correct answer is Option (4).

Quick Tip

In projectile motion, the total time of flight and maximum height are related to the angle
of projection. For a given initial velocity, the height and time of flight depend on sin® @

and sin 6, respectively.
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36. An infinitely long wire has uniform linear charge density A = 2nC/m. The net
flux through a Gaussian cube of side length /3 cm, if the wire passes through any
two corners of the cube, that are maximally displaced from each other, would be
¢ Nm?C~!, where z is:

(1) 2.167

(2) 0.727
(3) 6.487
(4) 1.447

Correct Answer: (1) 2.167

Solution: We are given that the wire passes through two corners of a Gaussian cube. To
calculate the net flux through the cube, we need to use Gauss’s law:

QGHC

€0
Where Qenc is the charge enclosed by the Gaussian surface. The charge enclosed depends on
the linear charge density A of the wire and the length of the wire segment that passes through
the cube.
The cube has side length v/3 cm, so the total length of the wire that passes through the cube
is the diagonal of the cube, which is:

Op =

Diagonal of the cube = v/3 cm

Now, the charge enclosed by the Gaussian surface is given by:

Qenc = A X Length of wire passing through the cube
Substituting A = 2nC/m = 2 x 107° C/m and the length of the diagonal v/3 cm = 0.03 m:

Qene =2 %1072 %0.03=6x 1071 C

Now, using Gauss’s law:

_ Qenc _ 6x 10711
e 9x10°
Since the flux is spread across the six sides of the cube and considering the symmetry of the
problem, the total flux through the cube is proportional to 7w, which gives:

g = 6.67 x 10721 C-m?/C

dp = 2.16m Nm?C~!

Thus, the correct answer is 2.167, which corresponds to Option (1).
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Quick Tip

When calculating electric flux using Gauss’s law, remember that the total flux depends
on the charge enclosed by the Gaussian surface and the symmetry of the situation. For
a wire passing through the cube, the flux is proportional to the length of the wire inside
the cube.

37. A convex lens of focal length 30 cm is placed in contact with a concave lens of
focal length 20 cm. An object is placed at 20 cm to the left of this lens system.
The distance of the image from the lens in cm is ____ .

(1) @ cm

30 cm

Correct Answer: (3) 15 cm

Solution: When two lenses are in contact, their combined focal length Fi,.1 is given by:

1 n 1
F total B F Fy
Where: - F} is the focal length of the convex lens, which is +30 cm, - F5 is the focal length of
the concave lens, which is —20 cm (since the concave lens has a negative focal length).
Substituting the values:

1 1 1

Fiotal 30 * —20
1 1 1 2 3 -1

Fiotal 30 20 60 60 60

Thus:

Fiotal = —60 cm

Now, using the lens formula for the combined lens system:

1 1 1

f v u
Where: - f = Fiotal = —60cm (combined focal length), - v = —20 cm (object distance, taken
as negative for an object placed to the left of the lens), - v is the image distance, which we need
to calculate.
Substitute the known values:

11 1
—60 v —20
11 1
—60 v 20
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Simplifying:
1 1 -1 3 -4

v —60 20 60 60 60
60

=—=15
V= cm
Thus, the distance of the image from the lens is 15 cm.

Therefore, the correct answer is Option (3).

Quick Tip

When dealing with a system of lenses in contact, first find the combined focal length
using the formula ﬁ = F% + F%’ and then apply the lens formula to find the image
distance.

38. A block of mass 2 kg is attached to one end of a massless spring whose other
end is fixed at a wall. The spring-mass system moves on a frictionless horizontal
table. The spring’s natural length is 2 m and spring constant is 200 N/m. The
block is pushed such that the length of the spring becomes 1 m and then released.
At distance z m (z < 2) from the wall, the speed of the block will be:

(1) 10 [1 = (2 —z)?] m/s

(2) 10[1 — (2 — 2)]*% m/s
(3)10[1— (2 - x) ]1/2 m/s
(4)10[1—(2— x)Z} m/s
Correct Answer: (3) 10 [1 — (2 — z)?] 1/2 m/s

Solution: This is a spring-block system where the block is initially displaced from its equilib-
rium position. We need to find the speed of the block when it is at a distance x from the wall.
This can be solved using the conservation of mechanical energy.

The mechanical energy in the spring-mass system is conserved because there are no non-
conservative forces (like friction) acting on the system. The total mechanical energy is the
sum of the potential energy stored in the spring and the kinetic energy of the block.

The potential energy U stored in a spring is given by:

1
U = 5h(@spring)’

Where k£ = 200N/m is the spring constant, and Zgpring is the displacement from the natural
length of the spring.

The initial displacement of the spring is 1 m (the block is compressed), so the initial potential
energy is:

1
Unitial = 5 % 200 X (2—-1)2=100J
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The total mechanical energy of the system is constant and is the sum of the kinetic energy
K = %va and the potential energy stored in the spring at any point during the motion. The
total energy F is given by:

E=K+U
At any position x, the total energy is:

1 1
E = §m02 + 5k(2 —z)?

Since the total mechanical energy is conserved and the initial energy is all potential energy, we
have:

1 1
100 = 3 ><2><U2+5 x 200 x (2 — z)?
Simplifying:

100 = v* + 200(2 — )2

Solving for v:

v? =100 — 200(2 — z)?

v=10[1—-(2—-2)2"" m/s
Thus, the speed of the block at distance x from the wall is:

101 — (2 — 22" |m/s

Therefore, the correct answer is Option (3).

Quick Tip

In spring-mass systems, use conservation of mechanical energy to relate potential energy
and kinetic energy. The speed of the block can be found by equating the total energy at
different points in the motion.

39. A quantity Q is formulated as Q = X 2Y3/227-2/5, X, Y, and Z are indepen-
dent parameters which have fractional errors of 0.1, 0.2, and 0.5, respectively in
measurement. The maximum fractional error of () is:

(1) 0.7

(2) 0.1
(3) 0.8
(4) 0.6

Correct Answer: (1) 0.7
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Solution: The formula for () is given as:

O = X2y327-2/5

To find the maximum fractional error of (), we use the formula for propagation of errors. For
a function of several variables, the fractional error is given by:

Q 0X X oy Y 0z 7

For the given function, we calculate the partial derivatives with respect to X, Y, and Z:

9Q _ _9x 3 9Q — §y1/2 9Q _ _22—7/5

oxX oYy 20 T 0z 5
Now, applying the error propagation formula, the fractional error in () is:

AQ ‘E)QAX 9Q AY ‘an

&—QXA_X+§Xg+2x¥
Q X 2°Y 57 Z

Substitute the given fractional errors for X, Y, and Z:

%:2x0.1+§x0.2+2><0-5
2 5
Simplifying:
A
UQ =02+03+02=0.7

Thus, the maximum fractional error in ) is 0.7.
Therefore, the correct answer is Option (1).

Quick Tip

When dealing with propagation of errors, remember to apply the error propagation for-
mula, which involves the sum of the products of the partial derivatives and the corre-
sponding fractional errors of each variable.

40. The amplitude and phase of a wave that is formed by the superposition of two
harmonic travelling waves, yi(z,t) = 4sin(kz — wt) and yo(z,t) = 2sin(kz — wt + 2F),
are: (Take the angular frequency of initial waves same as w)

(1) [v3, &

(2
(3
(4

]

o=

[6,
2v/3
6,2

S— N
°°|>1 QI"‘E

]
Correct Answer: (3) [2\/57 l

Solution: The superposition of two waves with the same frequency and different phases gives
a resultant wave. The amplitude and phase of the resultant wave can be calculated using the

principle of superposition.
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The waves are given as: - y1(x,t) = 4sin(kx — wt) - yo(x,t) = 2sin(kr — wt + %ﬂ)
To find the resultant amplitude, we use the formula for the amplitude of the sum of two
sinusoidal waves:

Aresultant = \/A% + A% + 2A1A2 COS(¢2 - ¢1>
Where: - A; = 4 is the amplitude of y1, - A3 = 2 is the amplitude of y2, - ¢1 = 0 is the phase
of y1, - P2 = 2{ is the phase of ys.
Now, calculating the resultant amplitude:

2T

A esultant = \/42 +224+2x%x4x%x2xcos (?>

1
Aresultant = \/16—|—4+2 X 4 X 2 X <—§)

Aresultant Y 16 + 4—8 = V12 = 2\/§

So, the amplitude of the resultant wave is 2v/3.
To find the phase of the resultant wave, we use the formula for the phase of the sum of two
waves:

Ag sin(¢p2) + Aj sin(¢1) )

. -1
(bresultant = tan (A2 COS(¢2) —+ A1 COS(qbl)

Substituting the values:

_, { 2sin (2F) + 45in(0)
¢resultant = tan ! ( ( 371.)

2 cos (2F) + 4 cos(0)

V3
(bres 1 — tanil 2><—2
ultant 9 1

(V3 (VB o«
Gresultant = tan 1(_1+4 —tan~! ? = 6

Thus, the phase of the resultant wave is .
Therefore, the amplitude and phase of the resultant wave are 21/3 and &
correct answer is Option (3).

respectively. The

Quick Tip

When two sinusoidal waves with the same frequency but different phases combine, use
the superposition principle to find the resultant amplitude and phase using the formulas
for the sum of sinusoidal functions.

41. For a nucleus of mass number A and radius R, the mass density of the nucleus

can be represented as:
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(1)
(2)
(3)
(4) Independent of A

A
A
3

[SYESNIN

N

Correct Answer: (4) Independent of A

Solution: The mass density p of a nucleus is defined as the mass per unit volume. For a
nucleus with mass number A and radius R, we can express the mass and volume as follows:

- The mass of the nucleus is proportional to the mass number A, i.e., the mass M is proportional
to A, - The volume V of the nucleus is proportional to R, where R is the radius of the nucleus.
The volume is given by the formula for the volume of a sphere:

4
vezgwR3

Since the mass number A is proportional to the volume, the mass density is given by:

mass A

~ volume %7? R3

We know from the liquid drop model of the nucleus that the radius R is proportional to A3,
Thus, we have:

R oc AY3
Substituting this into the equation for density:

A A |
X — = — =
PR A
Therefore, the mass density p is independent of A.

Thus, the correct answer is Option (4), which states that the mass density is independent of A.

Quick Tip

For a nucleus, the mass density is independent of the mass number A. This is because the
mass and volume of the nucleus both scale with A, and the ratio of these two quantities
results in a constant density.

42. A monoatomic gas having v = g is stored in a thermally insulated container

. h ep e eis .
and the gas is suddenly compressed to (%)t of its initial volume. The ratio of final

pressure and initial pressure is:
(1) 28

(2) 32
(3) 40
(4) 16

Correct Answer: (2) 32
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Solution: For a thermally insulated (adiabatic) process, the relation between pressure and
volume is given by:

PV = PV)

Where: - P and Vj are the initial pressure and volume, - P> and V5 are the final pressure and
volume, - 7 = % is the adiabatic index (ratio of specific heats).
Given that the gas is compressed to % of its initial volume, we have:

1
Vh =W

Substituting this into the adiabatic equation:

1 0
Pﬂ/lfy =P <§V1)

Simplifying:

Canceling V;' from both sides:

wlut

Since v = 2, we have:

wlu

Now, calculate (%) :
5

e 1 1

8) 8% 32

P2:P1><32

Therefore:

Thus, the ratio of final pressure to initial pressure is:

Therefore, the correct answer is Option (2) — 32.

Quick Tip

In adiabatic processes, the relationship between pressure and volume follows the equation
PV = PQ‘/;I. When the volume changes, you can find the new pressure by applying
this equation with the given values for Vi, V5, and ~.
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43. Electric charge is transferred to an irregular metallic disk as shown in the
figure. If 0y, 09, 03, and o4 are charge densities at given points, then choose the
correct answer from the options given below:

al
g
23
G = G3 10> = 0Oy
o3| > Gy .1 G3 = Gy

x 01 207207 = (54
. 01 <02 <0n~ Gy

By = =0

A
B
C
D
E
(1) D and E Only

(2) A and C Only

(3) A, B, and C Only
(4)

4) B and C Only

Correct Answer: (3) A, B, and C Only

Solution: In this problem, we are dealing with charge distribution on an irregular metallic
disk. The charge density on the surface of a conductor is not uniform and depends on the
geometry of the conductor and the position on the conductor.

For a metallic disk:

- The charge densities at the edge are generally higher due to the fact that charges tend to
accumulate at points of sharp curvature, such as the corners of the disk.

- The charge densities at the flat portions of the disk, away from the edges, are generally lower.

Looking at the figure:

- 01, being near the top edge of the disk, would have a higher charge density than o3, which is
closer to the center.

- 02, being near the edge, would also have a higher charge density than o4, which is farther
away from the edge.

Thus: - 01 > o3
- 09 = 04 (due to symmetry of the disk)

Therefore, the correct options are A, B, and C, meaning o1 > o3, and o9 = 0y4.
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Quick Tip

When analyzing charge distribution on a conductor, the charge density tends to be higher
at the points of sharp curvature (edges or corners). The charge density is usually lowest
in the regions that are more flat or symmetric.

44. A 3 m long wire of radius 3 mm shows an extension of 0.1 mm when loaded
vertically by a mass of 50 kg in an experiment to determine Young’s modulus.
The value of Young’s modulus of the wire as per this experiment is P x 10! N/m2,
where the value of P is: (Take g = 37 m/s”)

(1) 25

Correct Answer: (4) 5

Solution: To calculate the Young’s modulus Y, we use the formula for Young’s modulus for a
wire under tension:

FL
AAL
Where: - F' is the force applied on the wire (equal to the weight of the mass),
- L is the original length of the wire,
- A is the cross-sectional area of the wire,
- AL is the extension of the wire.

Y —

Step 1: Calculate the force F' The force applied on the wire is the weight of the mass:

F=m-g=50kg x 3mm/s® = 1507 N

Step 2: Calculate the cross-sectional area A The wire is circular, so the area is given by:

A=mr’=7x B3mm)? =7 x (3x1073m)? = 97 x 1076 m?

Step 3: Use the values in the formula for Young’s modulus Substitute the values into the
formula for Young’s modulus:

B 1507 x 3m
T 9r x107%m2 x 0.1 x 103 m

Simplifying:

4507 450
C 9 x 1077 9x 1077
Therefore, the value of P is 5.
Thus, the correct answer is Option (4).

=5 x 10" N/m?
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Quick Tip

When calculating Young’s modulus for a wire, use the formula ¥ = %, where F'is the
force, L is the length, A is the cross-sectional area, and AL is the extension.

45. A rod of linear mass density A and length L is bent to form a ring of radius R.

Moment of inertia of the ring about any of its diameter is:

L3
( 1) 82
2

L3
@) 3
L
(3) 1672
(4) ALS
L3

Correct Answer: (1) g

Solution: For a rod of length L and linear mass density A, the total mass m of the rod is:

m = AL

When the rod is bent into a ring of radius R, the mass is uniformly distributed along the
circumference of the ring. The moment of inertia of the ring about any of its diameters is given
by the formula for a ring:

1
I = §mR2

Substituting m = AL into this expression:
1
I = -ALR?
2
We know that the circumference of the ring is 27 R, and the length of the rod is equal to the
circumference of the ring, so:
L =27R

Thus, the radius R can be written as:

L
o7
Substituting this into the equation for the moment of inertia:

2 2
I:—/\L<L) Lo

o 2 4Am?
Simplifying:
L3
= —
872
Thus, the moment of inertia of the ring about any of its diameters is gg

Therefore, the correct answer is Option (1).
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Quick Tip

The moment of inertia of a ring about any of its diameters can be derived by considering
the geometry of the ring and using the formula for the moment of inertia of a mass
distributed along the circumference.

Section - B

46. A cube having a side of 10 cm with unknown mass and 200 gm mass were hung
at two ends of an uniform rigid rod of 27 cm long. The rod along with masses was
placed on a wedge keeping the distance between wedge point and 200 gm weight
as 25 cm. Initially the masses were not at balance. A beaker is placed beneath the
unknown mass and water is added slowly to it. At given point the masses were
in balance and half volume of the unknown mass was inside the water. (Take the
density of the unknown mass is more than that of the water, the mass did not
absorb water and water density is 1 gm/cm?.) The unknown mass is ______ kg.

Correct Answer: 3

Solution:

Step 1: Determine the distances from the wedge (fulcrum).

- Total length of the rod = 27 cm.

- Distance from the wedge to the 200 gm mass = 25 cm (given).

- Therefore, distance from the wedge to the unknown mass = 27 cm - 25 cm = 2 cm.

Step 2: Calculate the volume of the cube and the buoyant force when half-submerged.
- Side of the cube = 10 cm.

- Volume of the cube, V = 103 = 1000 cm?.

- Half volume submerged, Vi, = 500 cm?®.

- Buoyant force, Fy, = pwater X Vsub X ¢ = 1gm/cm3 x 500 cm?® x g = 500 gm X g.

Step 3: Set up the torque equilibrium equation about the wedge. Let M be the unknown mass
in grams.

- Torque due to the 200 gm mass: 200 gm X g X 25 cm.

- Torque due to the unknown mass: (M x g — Fp) X 2cm = (M x g —500gm X g) X 2 cm.

For equilibrium, the torques must balance:
200 x g x 25 = (M x g — 500 x g) X 2

Cancel g from both sides:
200 x 25 = (M — 500) x 2

Simplify:

5000 = 2M — 1000 = 2M =6000 = M =3000gm = 3kg.
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Quick Tip

In torque problems involving buoyancy: - Balance the clockwise and counter-clockwise
torques about the fulcrum. - Account for the buoyant force when part of the object is
submerged. - Ensure consistent units (e.g., convert grams to kilograms if needed).

47. A thin solid disk of 1 kg is rotating along its diameter axis at the speed of
1800 rpm. By applying an external torque of 257 Nm for 40s, the speed increases
to 2100 rpm. The diameter of the disk is ______ m.

Correct Answer: 40

Solution:
Step 1: Convert initial and final angular speeds from rpm to rad/s.
- Initial speed, wg = 1800 rpm = 1808—X2" = 607 rad/s.

- Final speed, w = 2100 rpm = 210%3)% = 70mrad/s.

Step 2: Calculate angular acceleration («) using torque and moment of inertia.
- Torque, 7 = 257 Nm.
- Moment of inertia for a thin disk rotating about its diameter:

1 R?

1
I=-MR*=-x1xR*=—.
4 TR 1

- Angular acceleration:

R? 100
T=Ila = 257T:Za = a:R—;T.

Step 3: Relate angular acceleration to the change in angular velocity.

100
w=wy+at = 707T:607T+<R—27T>X40.

Simplify: 4000
™

i R*=400 = R=20m.

107

- Diameter, D = 2R = 40 m.

Quick Tip

- For rotational motion problems, always convert rpm to rad/s for consistency. - The
moment of inertia formula depends on the axis of rotation (e.g., }IM R? for a disk ro-
tating about its diameter). - Use the kinematic equation w = wy + at to relate angular
acceleration and time.

48. An electron is released from rest near an infinite non-conducting sheet of
uniform charge density '—’. The rate of change of de-Broglie wavelength associated
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with the electron varies inversely as n' power of time. The numerical value of n is

Correct Answer: 2

Solution:
Step 1: Determine the electric field and force on the electron. - For an infinite non-conducting
sheet with charge density —o, the electric field F is:

B_ O
2€p
- The force on the electron (charge —e) is:
F=—-eBE=-2
2€p
- The acceleration a of the electron is:
F eo
aqa = — = —
Me 2€0Mme

Step 2: Find the velocity as a function of time. - Since the electron starts from rest, its velocity

v at time ¢ is:
eo .

v=at = —
260m6

Step 3: Express the de-Broglie wavelength A. - The de-Broglie wavelength is given by:
h h h _ 2¢0h

A:—: p—
D Mev

eo eot

2€0Me

me

Step 4: Compute the rate of change of A\ with respect to time.
d\  2eh

dt ~ eot?

- The magnitude of the rate of change is:

d\ 1
—_— a —

dt 12
Step 5: Compare with the given relation. - The problem states that % varies inversely as the
nt" power of time. From Step 4, we see:

'd/\‘ 1

@ e n=2

Quick Tip

- For problems involving charged sheets, remember the electric field is constant: E = 2%0
- The de-Broglie wavelength is inversely proportional to momentum: A\ = 2. - When
dealing with rates, carefully differentiate and observe power-law relationships.
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49. A sample of a liquid is kept at 1 atm. It is compressed to 5 atm which leads to
change of volume of 0.8 cm?®. If the bulk modulus of the liquid is 2 GPa, the initial
volume of the liquid was ______ litre. (Take 1 atm = 10° Pa)

Correct Answer: 4

Solution:
Step 1: Calculate the pressure change (AP).

AP = Papal — Paitia] = Datm — 1atm = 4atm = 4 x 10° Pa
Step 2: Use the bulk modulus formula. The bulk modulus (K) is given by:

AP
AV/Vo

where: - K = 2GPa =2 x 107 Pa- AV = —0.8cm? = —0.8 x 10~5m3 (negative sign indicates
volume decrease) - Vj is the initial volume in m?
Step 3: Solve for initial volume (V).

2 x 109 = —— 24X 10°
- —0.8x1076/1;
4 % 10°
2% 10% = 4x10° x Vo
0.8 x 106
2x109x08x107% 1.6 x 10? 3 3 _
Vo = X 105 = 1< 105 =4 x 107°m° = 4litres

Quick Tip

- Bulk modulus relates pressure change to relative volume change: K = —AP/(AV/Vp)
-1 m? = 1000 litres - Watch unit conversions (1 cm® = 1076 m?, 1 GPa = 10° Pa)

50. Space between the plates of a parallel plate capacitor of plate area 4 cm? and
separation of d = 1.77 mm, is filled with uniform dielectric materials with dielectric
constants (3 and 5) as shown in figure. Another capacitor of capacitance 7.5 pF is

connected in parallel with it. The effective capacitance of this combination is ____
pF.

Correct Answer: 15 pF

Solution:

Given: - Plate area of the capacitor, A = 4cm? = 4 x 1074 m?,
- Separation between the plates, d = 1.77mm = 1.77 x 1073 m,

- Dielectric constants for the two regions, k1 = 5 and ky = 3, - Capacitance of an additional
parallel capacitor, C's = 7.5 pF,

- Permittivity of free space, g = 8.85 x 10712 F /m.
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Step 1: Calculate the capacitance for each section with the dielectric constants.
For the first section (with dielectric constant k; = 5):
The capacitance is given by:

50A

Clzd—/z.

k1
Substitute the values:

(8.85 x 10712) x (4 x 107%)
Cy = — -5
1.77 x 10-3/2

First calculate the denominator d/2 = % =8.85 x 1074 m.
Now substitute:

8.85 x 10712 x 4 x 1074
L 8.85 x 101
For the second section (with dielectric constant kg = 3):
Using the same formula:

5 =4x10""2x5=20x%x10""F = 20pF

€0A

CQZd—/2

ko
Substitute the values:

(8.85 x 10712) x (4 x 107%)
Cy = — -3
1.77 x 10-3/2

885 x 10712 x4x1071
B 8.85 x 104

Step 2: Find the total capacitance of the two dielectric regions in series.

The two dielectric regions are in series, so the total capacitance Cigia) is given by:

Co 3=4x10"?x3=12x 107"?F = 12pF

L1
Ctotal Cl 02

Substitute the values for C and Co:

11 N 1
Ciotal 20pF =~ 12pF
1 3 5 8 2

Crol _ GOpE | 60pF _ GOpF _ 15pF
Thus,

15
Ciotal = 7 pF = 7.5pF

Step 3: Add the capacitance of the additional parallel capacitor.
The total capacitance of the system is the sum of the series capacitance and the parallel
capacitance Cs:

Cef‘fective - Ctotal + C3

58
Qcﬂllegedun[a

-



Ceffective = 7.5 pF + 7.5pF = 15pF

Thus, the effective capacitance is |15 pF |.

Quick Tip

When two dielectric materials are used in parallel plate capacitors, calculate the individ-
ual capacitances for each dielectric, and then treat them as separate capacitors in series
or parallel as per the configuration.

Chemistry

Section - A

51. Given below are two statements:

Statement I: HySe is more acidic than HyTe

Statement II: H>Se has higher bond enthalpy for dissociation than HsT'e

In the light of the above statements, choose the correct answer from the options
given below.

(1)Statement I is false but Statement II is true

(2)Statement I is true but Statement II is false

(3)Both Statement I and Statement II are false

(4)Both Statement I and Statement II are true

Correct Answer: (1) Statement I is false but Statement II is true

Solution:

Analysis of Statement I:

- Acidic character increases down the group for hydrides (H20 j HoS < HaSe < HyTe) - HoTe
is more acidic than HSe because:

e Te is larger than Se, making Te-H bond weaker
e H™ ion is more easily released from HyT'e

- Therefore, Statement I is false
Analysis of Statement II: - Bond enthalpy decreases down the group (H-Se ; H-Te) - HaSe
has higher bond dissociation enthalpy because:

e Se is smaller than Te, forming stronger bonds
e Bond strength decreases with increasing atomic size

- Therefore, Statement II is true
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Quick Tip

- Remember the periodic trend: acidity of hydrides increases down the group - Bond
enthalpy decreases with increasing atomic size in a group - Larger atoms form weaker
bonds, making their hydrides more acidic

52. The correct decreasing order of spin only magnetic moment values (BM) of
Cu™, Cu?*, Cr?** and Cr®* ions is:

(1) Cut > Cu?®* > Cr*t > Cr* "

(2) Cr3t > Cr?T > Cu™ > Cu**"

(3) Cu?™ > Cu™ > Cr?t > Crdt

(4) Cr?t > Cr*t > Cu?t > Cut

Correct Answer: (4) Cr*" > Cr¥" > Cu?t > Cu"

Solution: Magnetic moment (juspin) depends on the number of unpaired electrons in the ions.
The formula for the magnetic moment due to spin only is:

Pspin = v/ n(n + 2) BM

Where n is the number of unpaired electrons.
Step 1: Determine the number of unpaired electrons for each ion:

- Cu™ (Cu'"): The electron configuration of Cu is [Ar]3d'%4s'. For Cu™, the electron config-
uration is [Ar]3d10, so there are no unpaired electrons. Thus, pspin = 0 BM.

- Cu®": The electron configuration of Cu*" is [Ar]3d°, which has 1 unpaired electron. Thus,

fispin = /1(1+2) = v/3BM.

- Cr*™: The electron configuration of Cr?" is [Ar]3d*, which has 4 unpaired electrons. Thus,
fispin = \/4(4 + 2) = v/24 = 21/6 BM.

- Cr*T: The electron configuration of Cr*" is [Ar]3d3, which has 3 unpaired electrons. Thus,

fispin = 1/3(3 +2) = V15 BM.

Step 2: Compare the magnetic moment values.

- Cu™ has 0 unpaired electrons, so its magnetic moment is 0 BM.

- Cu®t has 1 unpaired electron, so its magnetic moment is v/3 BM.

- Cr3* has 3 unpaired electrons, so its magnetic moment is v/ 15 BM.
- Cr?* has 4 unpaired electrons, so its magnetic moment is 2v/6 BM.

Step 3: Final decreasing order.

Thus, the correct decreasing order of spin only magnetic moment values is:

Cr?t > Ot > Cu?t > Cut
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Quick Tip

The magnetic moment of transition metal ions depends on the number of unpaired elec-
trons. A higher number of unpaired electrons results in a higher magnetic moment.

53. Match the LIST-I with LIST-II

LIST-I (Reagent) LIST-II (Functional Group detected)
A. Sodium bicarbonate solution | I. double bond/unsaturation

B. Neutral ferric chloride II. carboxylic acid

C. Ceric ammonium nitrate ITI. phenolic -OH

D. Alkaline KMnOy IV. alcoholic -OH

Choose the correct answer from the options given below:
(1)A-I11, B-1II, C-I, D-1V
(2)A-I11, B-1I, C-1V, D-I
(3)A-II, B-1II, C-1V, D-I
(4)A-I1, B-1V, C-111, D-1

Correct Answer: (3) A-1I, B-III, C-1V, D-I

Solution: Matching Analysis:

e A. Sodium bicarbonate solution - Reacts with carboxylic acids (II) to produce effer-
vescence (COq)

e B. Neutral ferric chloride - Gives colored complex with phenolic -OH (III)
e C. Ceric ammonium nitrate - Red color with alcoholic -OH (IV)
e D. Alkaline KMnOy, - Decolorizes with double bonds (I)
Correct Mapping:
e A — II (Carboxylic acid)
e B — III (Phenolic -OH)
e C — IV (Alcoholic -OH)
e D — I (Double bond)

Quick Tip

- Sodium bicarbonate tests for carboxylic acids via COg evolution - Ferric chloride gives
violet color with phenols - Ceric ammonium nitrate turns red with alcohols - Baeyer’s
reagent (alk. KMnOy) tests unsaturation

54. Given below are two statements:
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Statement I: A homoleptic octahedral complex, formed using monodentate ligands, will not
show stereoisomerism

Statement II: cis- and trans-platin are heteroleptic complexes of Pd.

In the light of the above statements, choose the correct answer from the options
given below

(1)Both Statement I and Statement II are false

(2)Statement I is true but Statement II is false

(3)Statement I is false but Statement II is true

(4)Both Statement I and Statement II are true

Correct Answer: (2) Statement I is true but Statement II is false

Solution:

Analysis of Statement I:

- A homoleptic octahedral complex with monodentate ligands (e.g., [Co(N H3)g)?>") has iden-
tical ligands in all positions - No geometrical or optical isomers possible as all positions are
equivalent - Therefore, Statement I is true

Analysis of Statement 1I:

- cis-platin and trans-platin are actually Pt(II) complexes, not Pd - Both are homoleptic
complexes (contain same ligands: [PtCla(N H3)sz|) - The difference is in ligand arrangement
(cis/trans), not heteroleptic nature - Therefore, Statement II is false

Quick Tip

- Homoleptic complexes have only one type of ligand - Geometrical isomerism requires
different spatial arrangements - Cis/trans-platin are classic examples of geometrical (not
optical) isomerism - Platinum (Pt) complexes # Palladium (Pd) complexes

55. What is the correct IUPAC name of the following compound?

/\ OH .,

(1) 4-Ethyl-1-hydroxycyclopent-2-ene
(2) 1-Ethyl-3-hydroxycyclopent-2-ene
(3) 1-Ethylcyclopent-2-en-3-ol
(4) 4-Ethylcyclopent-2-en-1-ol

Correct Answer: (4) 4-Ethylcyclopent-2-en-1-ol

Solution:
The structure of the compound shows a cyclopentene ring with a hydroxyl group (-OH) at-
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tached to one of its carbon atoms and an ethyl group attached at position (4)

Step 1: Identify the parent chain and the functional group.

- The parent structure is a cyclopentene ring, which is a five-membered ring with one double
bond.

- The double bond is at position 2, as the numbering starts from the carbon atom of the double
bond.

- The hydroxyl group (-OH) is attached at position 1 of the ring.

Step 2: Name the substituents.
- An ethyl group (-C2H5) is attached at position 4 of the ring.
- The hydroxyl group is at position 1, so it is named as ”1-ol.”

Step 3: Final IUPAC name.
The correct IUPAC name of the compound is:
4-Ethylcyclopent-2-en-1-ol

When naming cyclic compounds with multiple substituents, number the ring starting
from the position of the highest-priority functional group and then assign the lowest
possible number to other substituents based on alphabetical order.

56.
(i)NaOH

(i) H;0" >B—miso. 5 C

(D H,50, 2

A shows positive Lassaigne’s test for N and its molar mass is 12(1)
B gives effervescence with aqueous NaHCO(3)
C gives fruity smell.

Identify A, B, and C from the following.
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CONH, CO,H CO,Et

CH,NHNH, CO,H CO,Et

NH, NH, NHE!
@ @ axfg]
CHO CO,H CO,Et
NH,

§ : X OH

OH OH

CHO OEt
0

NHZ NH, NH, NH,

Correct Answer: (1) A = CONH2, B = CO2H, C = CO2Et

Solution:
Let’s analyze the given reactions and clues for each compound.

Step 1: Analyzing A:

- A shows positive Lassaigne’s test for nitrogen (N), which means A contains nitrogen.

- The molar mass of A is 121 g/mol.

- Based on the structure options, the compound with a molecular formula that fits these criteria
is CONHy (amide group). This is the structure of benzamide, which fits the molar mass and
the positive Lassaigne’s test for nitrogen.

Step 2: Analyzing B:

- B gives effervescence with aqueous NaHCO(3)This suggests B contains a carboxyl group (-
COOH), as carboxylic acids react with NaHCO3 to release carbon dioxide (CO2).

- Therefore, B corresponds to a carboxylic acid group, specifically CO2H, which matches the
second compound in the options.

Step 3: Analyzing C:

- C gives a fruity smell, which is characteristic of an ester group.

- The ester functional group in the options is CO2Et (ethyl ester), which corresponds to the
third structure in the options.

Step 4: Final Identification:

- A is CONHy (benzamide), - B is CO2H (carboxylic acid), - C is CO2Et (ethyl ester).

Thus, the correct answer is Option (1): A = CONH2, B = CO2H, C = CO2Et
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Quick Tip

When solving organic chemistry questions, pay close attention to functional groups and
their specific reactions, such as effervescence with NaHCO3 (carboxylic acids) and fruity
smells (esters).

57. On combustion 0.210 g of an organic compound containing C, H and O gave
0.127 g H20 and 0.307 g CO;. The percentages of hydrogen and oxygen in the
given organic compound respectively are:

(1)6.72, 39.87

(2)6.72, 53.41

(3)7.55, 43.85

(4)53.41, 39.6

Correct Answer: (2) 6.72, 53.41

Solution: Step 1: Calculate mass of hydrogen in H,O

2
Mass of H = 8 x 0.127g =0.0141¢g

0.0141
%H = < ) x 100 = 6.72%

0.210

Step 2: Calculate mass of carbon in CO»

12
Mass of C = ﬂ x 0.307g = 0.0837¢g

%C = (0'0837) x 100 = 39.87%

0.210
Step 3: Calculate percentage of oxygen

%0 = 100 — (%C + %H) = 100 — (39.87 + 6.72) = 53.41%

Quick Tip

- For combustion analysis:
e All H converts to HoO (2 g H per 18 g Hy0)
e All C converts to COz (12 g C per 44 g CO3)
e Oxygen

- Always verify that percentages sum to 100

58. HA (aq) = H"(aq) + A~ (aq)
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The freezing point depression of a 0.1 m aqueous solution of a monobasic weak
acid HA is 0.20 °C. The dissociation constant for the acid is Given: K;(H20) =
1.8K kg molfl, molality molarity

(1)1.1 x 1072

(2)1.38 x 1073

(3)1.90 x 1073

(4)1.89 x 1071

Correct Answer: (2) 1.38 x 1073

Solution: Step 1: Calculate van’t Hoff factor (i)

0.20
ATy =i Kp-m0.20=ix 1.8 x 0.1i = Fog = 111

Step 2: Relate i to degree of dissociation («) For weak acid dissociation:
1=1+alll=1+aa=0.11

Step 3: Calculate dissociation constant (K,)

Ca?  0.1x(0.11)2 0.1 x0.0121
K, = = =

= - = —1.36 x 1073 ~ 1.38 x 1073
1—a  1-011 0.89 3610 38 < 10

Quick Tip

- For weak electrolytes: i = 1+ (n—1)a (n = ions produced) - Freezing point depression:

ATy = iKym - K, calculation for weak acid: K, = Ca® Approximation valid when

-«
a < 0.1, otherwise use exact formula

59. Match the LIST-I with LIST-II
LIST-I LIST-1I1

A. Carbocation I. Species that can supply a pair of electrons.
B. C-Free radical | II. Species that can receive a pair of electrons.
C. Nucleophile I11. sp? hybridized carbon with empty p-orbital.
D. Electrophile IV. sp?/sp? hybridized carbon with one unpaired electron.
Choose the correct answer from the options given below:
(1)A-III, B-III, C-I, D-1V
(2)A-III, B-1V, C-11, D-1
(3)A-1V, B-1I, C-III, D-I
(4)A-I11, B-1V, C-1, D-II

Correct Answer: (4) A-111, B-1V, C-I, D-1I

Solution: Correct Matching:
e A. Carbocation - III (sp? hybridized carbon with empty p-orbital)

e B. C-Free radical - IV (sp?/sp® hybridized carbon with one unpaired electron)
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e C. Nucleophile - I (Species that can supply a pair of electrons)
e D. Electrophile - II (Species that can receive a pair of electrons)
Explanation:
e Carbocations are electron-deficient species with sp? hybridization and empty p-orbital
e Free radicals have one unpaired electron and can be sp? or sp? hybridized
e Nucleophiles are electron-rich species that donate electron pairs

e Electrophiles are electron-deficient species that accept electron pairs

Quick Tip

- Carbocation: sp?, 6 electrons, planar - Free radical: 7 electrons, can be sp? or sp° -
Nucleophile: "nucleus loving” (e~ donor) - Electrophile: ”electron loving” (e~ acceptor)

60.
: 1) KOH (alc.
1,2-dibromocyclooctane 01 (e P
(ii) NaNH, )
B major product
(iii)Hg=* /H*
(iv) Zn-Hg /H”

Correct Answer: (4)
Solution:
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The reactions proceed as follows:

Step 1: In the first step, KOH (alc.) induces an elimination reaction, which removes a bromine
atom from the carbon chain, resulting in the formation of cyclooctene (a 8-membered ring with
a double bond).

Step 2: The second step with NaNHy induces further elimination, removing another hydrogen
atom from the carbon-carbon single bonds (a step leading to the formation of cyclooctyne, a
8-membered ring with a triple bond).

Step 3: The reaction with Hg?™ /HT induces hydromercuration of the alkyne, resulting in the
addition of a mercury ion to the carbon-carbon triple bond. This creates an alkene intermediate.

Step 4: Finally, the Clemmensen reduction with Zn-Hg/ H™ reduces the alkene to a fully sat-
urated ring, cyclooctane, which is the final product. This reaction removes the double bond
and saturates the 8-membered ring.

Quick Tip

When dealing with elimination and reduction reactions, it’s essential to understand how
the reagents affect the intermediates and lead to the final product. Alcohol formation
and reduction are key steps in this type of organic transformation.

61. In a first order decomposition reaction, the time taken for the decomposition
of reactant to one fourth and one eighth of its initial concentration are ¢; and ts
(s), respectively. The ratio t;/ty will be:

—~
—_
~—

\)
[NS][SV UV TNV IUI RN

(
(
(

= W
NGNS

wirno

Correct Answer: (3)

Solution: Step 1: Recall first-order kinetics equation

2303, [Al

where k is the rate constant, [A]o is initial concentration, and [A] is concentration at time ¢.
Step 2: Calculate ¢; for 1/4th decomposition
2.303 I 2303 2.303

t = 1 — log 4 =
S 7

x 2log?2

Step 3: Calculate ¢, for 1/8th decomposition
2.303 2303 2.303

2=y log g = 7y loeB
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Step 4: Find the ratio t;/to
i 2log2 2

to  3log2 3
However, the question asks for decomposition to one fourth (remaining = 3/4) and one eighth
(remaining = 7/8). The correct interpretation is:
Correct Calculation: For decomposition to: - 1/4 remaining: t; = % log 4 - 1/8 remaining:
to = % log 8
Thus:

tp1  logd  2log2 2

to  log8 3log2 3

Quick Tip

- For first-order reactions, time depends on the fraction remaining, not the absolute
concentration - Each half-life period is equal for first-order reactions - The time to reach
1/4 is less than time to reach 1/8 (% ratio)

62. Match the LIST-I with LIST-II

LIST-I (Complex/Species) | LIST-II (Shape & magnetic moment)
A [Ni(CO)4] I. Tetrahedral, 2.8 BM

B. [Ni(ON)4)*~ II. Square planar, 0 BM

C. [NiCly)*~ I1I. Tetrahedral, 0 BM

D. [MnBry)?~ IV. Tetrahedral, 5.9 BM

Choose the correct answer from the options given below:
(1)A-I, B-1I, C-III, D-1V
(2)A-III, B-1I, C-I, D-IV
(3)A-111, B-1V, C-II, D-1
(4)A-1V, B-1, C-III, D-II

Correct Answer: (2) A-111, B-II, C-1, D-IV
Solution: Correct Matching:

e A. [Ni(CO)4] - 11T (Tetrahedral, 0 BM)

— CO is strong field ligand — low spin complex

— d® configuration — tetrahedral with paired electrons (y = 0)
e B. [Ni(CN)4)?>~ - II (Square planar, 0 BM)

— C'N7~ is strong field ligand — low spin

— d® configuration — square planar with paired electrons s (p = 0)
e C. [NiCl4)?>~ - 1 (Tetrahedral, 2.8 BM)

— (Cl is weak field ligand high spin
— d® configuration — tetrahedral with 2 unpaired electrons (u = /8 # 2.8 BM)
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e D. [MnBry?> - IV (Tetrahedral, 5.9 BM)

— Br is weak field ligand — high spin
— d configuration — tetrahedral with 5 unpaired electrons ( = 35 5.9 BM)

- Strong field ligands (CO, CN) cause pairing — low spin complexes - Weak field ligands
(Cl, Br) don’t cause pairing — high spin complexes - Magnetic moment () = [n(n+2)]
BM, where n = unpaired electrons - Ni? (d): tetrahedral /square planar; Mn? (d): always
high spin

63. Which one of the following reactions will not lead to the desired ether formation
in major proportion?
(iso-Bu = isobutyl, sec-Bu = sec-butyl, nPr = n-propyl, tBu = tert-butyl, Et = ethyl)

1»N¢1()@ +n-PrBr—>n Pr—O@

21840 Na + EtBr —> Bu — O — Et

- +
% i50-BuO Na + sec — BuBr —> sec-Bu — O —iso- Bu

- +
4.<:>-0 Na + CHy Br %<:>— 0—CH,

Correct Answer: (3) : iso-Bu(_) Na + sec — BuBr —— sec-Bu — O — iso-Bu Solution:

In Option 3, the reaction involves iso-butyl alcohol (iso-BuOH) and sec-butyl bromide (sec-
BuBr) in the presence of Na. This is an example of the Williamson Ether Synthesis, which
proceeds through an SN2 mechanism, where a nucleophile attacks an electrophilic carbon.

However, iso-butyl (iso-Bu) is a secondary alkyl group and exhibits significant steric hindrance.
This steric hindrance makes the iso-butyl group less reactive in the nucleophilic substitution
reaction compared to other alkyl groups like sec-butyl. The sec-butyl group (sec-Bu) is much
more reactive in this case, making it more likely to participate in the reaction and thus, the
iso-butyl ether is not the major product. Therefore, Option 3 will not lead to the desired ether
in major proportion.

Quick Tip

When performing Williamson Ether Synthesis, consider the steric hindrance of the alkyl
groups. The reaction is more favorable when the nucleophile is less hindered. Secondary
and tertiary alkyl groups show less reactivity in comparison to primary alkyl groups.

64. Correct statements for an element with atomic number 9 are
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A. There can be 5 electrons for which mg = +% and 4 electrons for which mg = —%
B. There is only one electron in p, orbital.

C. The last electron goes to orbital with n =2 and [ = 1.

D. The sum of angular nodes of all the atomic orbitals is 1.

Choose the correct answer from the options given below:

(1)A and B Only

(2)A, C and D Only

(3)C and D Only

(4)A and C Only

Correct Answer: (4) A and C Only

Solution: Element Analysis: - Atomic number 9 is Fluorine (F) - Electronic configuration:
1522522p° - Orbital diagram: 1s2 1] 2521} 2p° 11T
Statement Evaluation:

e A: TRUE - Total electrons = 9 - 5 with my = —1—% (all unpaired + one paired) - 4 with
ms = —3% (remaining paired electrons)

e B: FALSE - p. orbital contains 1 electron (1), but same applies to p, and p, - Not a
unique characteristic

e C: TRUE - Last electron enters 2p orbital (n =2, 1 =1)
e D: FALSE - Angular nodes = [ - Sum: 1s (0) + 2s (0) + 2p (1 each x 3) =3 # 1

Quick Tip

- For p-block elements: - n = principal quantum number - [ = 1 for p-orbitals - Angular
nodes = [ - mg distribution follows Hund’s rule - Fluorine has 1 unpaired electron in 2p
subshell

65. The number of species from the following that are involved in sp?>d? hybridiza-
tion is
[Co(NH,)l* ", SFg, [CrFg])* ™, [CoFy)* ™, [Mn(CN)g]*~

[MnClg]*~

Correct Answer: (2) 4

Solution: Step 1: Identify sp3d? hybridization criteria - Occurs in octahedral com-
plexes/compounds - Requires 6 empty orbitals (1 s, 3 p, 2 d) - Typical for species with either:

71
Qcﬂllegedun[a

-



e Central atom with 6 bond pairs (e.g., SFg)
e Transition metal complexes with weak field ligands
Step 2: Analyze each species
o [Co(NH3)6]3+: - NHj is strong field ligand — d?sp® (inner orbital) - Not sp>d?
e SFg: - S uses sp>d? hybridization (6 bond pairs) - Count = 1
o [CrF6]37: - F~ is weak field ligand — sp3d? (outer orbital) - Count = 1
) [COF6]3_2 - F~ is weak field ligand — sp3d? - Count = 1
. [Mn(CN)6]3_: - CN™ is strong field ligand — d?sp® - Not sp3d?
. [MnC16]3_: - C1™ is weak field ligand — sp?d? - Count = 1
Total count = 4 (SFg, [CrF6]3_, [COF6]3_, [MnClG]S_)

Quick Tip

- Strong field ligands (NHg, CN ™) cause inner orbital hybridization (d?sp®) - Weak field
ligands (F~, C17) promote outer orbital hybridization (sp3d?) - Non-metal compounds
like SFg always use sp3d?

66. When M undergoes intramolecular aldol condensation, the major prod-
uct formed is:
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A PO

O

O

Correct Answer: (3)
Solution:

In intramolecular aldol condensation, two molecules of the same compound react to form a
cyclic product. The compound given here contains a a-hydrogen adjacent to a carbonyl group,
making it a suitable candidate for the aldol reaction. Upon condensation, the compound
undergoes an intramolecular aldol reaction, leading to the formation of a six-membered cyclic
p-lactone. Option 3 is the correct structure, where the reaction forms a cyclic ester (lactone)
as the major product.

Quick Tip

Aldol condensations in the intramolecular form lead to the formation of cyclic products,
often resulting in rings such as lactones or lactams depending on the structure of the
reactants. Pay attention to the position of a-hydrogens and the size of the cyclic product.
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67. Choose the correct option for structures of A and B, respectively:

'1 H,;N—CH — €00 . HyN —CH — COOH

| and |
CH (CH;), CH (CH;),
T 1 ~ . =
H;N — CH — COOH HgN — CH — COO0O
N | and |
CH (CHy), CH (CHy),
H,N — CH — COO HyN— CH — COOH
3. ° | and -~ |
© + ,
H,N — CH — COO ll-;N — CH — COO
4. B | and - |
CH (CHy), CH (CHy),

+ =
HsN — CH — COOH H,N—CH — COO
’ | and |

CH (CH-) CH (CH»),
Correct Answer: (2) (CHs) 372

Solution:

At pH 2, the amino group (-NHz) is protonated to form an ammonium ion (-NHJ, and the
carboxyl group (-COOH) remains in its protonated form, as carboxyl acids are not deprotonated
at this pH. So, compound A will have the structure:

H3sN — CH — COOH

At pH 10, the amino group remains in its deprotonated form (-NHg) and the carboxyl group
is deprotonated to form a carboxylate ion (-COO7). Therefore, compound B will have the

structure:
HsN — CH — COO™

Thus, the correct option is option (2).

Quick Tip

In aqueous solutions, amino acids behave differently at various pH values. At low pH,
the amino group is protonated and the carboxyl group remains neutral, while at high pH,
the amino group is deprotonated and the carboxyl group becomes negatively charged.

68. Choose the correct set of reagents for the following conversion:
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CH=CH,

Ethyl benzene —> ©
Br

(1) Clp/Fe; Bra/anhy.AlCl3; aq. KOH
(2) Bra/Fe; Cla, A;alc. KOH

(3) Cly/anhy.AlCls; Bra/Fe; alec. KOH
(4) Bry/anhy.AlCl3; Clg, A; aq. KOH

Correct Answer: (2) Bry/Fe; Cly, A;alc. KOH

Solution:

The given transformation involves the conversion of ethyl benzene (CgHsCoHs) to the desired
product where a Br atom is added to the benzenoid ring.

- First, bromination of ethylbenzene occurs using Brg in the presence of iron (Fe), which acts
as a catalyst. The electrophilic aromatic substitution reaction results in the formation of a
brominated product.

- After bromination, the next step involves chlorination using Cly under heat (denoted by A),
leading to the introduction of the chlorine atom at the desired position.

- Finally, the product undergoes dehydrohalogenation in the presence of alcoholic potassium
hydroxide (alc. KOH), leading to the formation of the double bond as required.

Thus, the correct set of reagents to form the desired product is option (2).

Quick Tip

In aromatic substitution reactions, the presence of a halogen like chlorine or bromine
can activate the ring towards further electrophilic substitution reactions. Use specific
reagents and conditions (e.g., heat and alcoholic KOH) to control the outcome.

69. Which of the following binary mixture does not show the behavior of minimum
boiling azeotropes?

(1)CSy + CH3COCH3

(Z)HQO + CH3COCyHg

(3)CGH5OH + CgHsNHo>

(4)CH30H + CHCl3

Correct Answer: (3) CgH50H + CgHsNH,

Solution: Key Concept: Minimum boiling azeotropes form when:
e Components show positive deviation from Raoult’s law

e Molecular interactions between unlike molecules are weaker than between like molecules
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e Typically occurs between molecules with different polarity or hydrogen bonding capacity
Analysis of Options:

e Option 1: CSy + CH3COCHj3 - Carbon disulfide (non-polar) + acetone (polar) - Forms
minimum boiling azeotrope (shows positive deviation)

e Option 2: HyO + CH3COCyH5 - Water (strong H-bonding) + methyl ethyl ketone (weak
H-bonding) - Forms minimum boiling azeotrope

e Option 3: C¢H;OH + CgH5NH; - Phenol + aniline (both can form strong intermolecu-
lar H-bonds) - Shows negative deviation (forms maximum boiling azeotrope) - Correct
answer as it doesn’t form minimum boiling azeotrope

e Option 4: CH30H+ CHCl3 - Methanol + chloroform (forms H-bonded complex) - Shows
positive deviation (minimum boiling azeotrope)

- Minimum boiling azeotropes: Positive deviation (weaker interactions) - Maximum boil-
ing azeotropes: Negative deviation (stronger interactions) - Look for H-bonding capability
differences between components - Similar molecules (like phenol + aniline) tend to form
maximum boiling azeotropes

70. The atomic number of the element from the following with lowest 15¢ ionization
enthalpy is:

(1)87

(2)19

(3)32

(4)35

Correct Answer: (1) 87

Solution: Concept: The first ionization enthalpy decreases:

e Down a group (atomic size increases)

e From right to left across a period (effective nuclear charge decreases)
Analysis of Options:

e Option 1 (87): Francium (Fr) - Group 1, Period 7 element - Largest atomic size in
periodic table - Lowest effective nuclear charge on valence electron - Lowest ionization
energy among given options

e Option 2 (19): Potassium (K) - Group 1, Period 4 - Higher ionization energy than Fr
(smaller size)

e Option 3 (32): Germanium (Ge) - Group 14, Period 4 - Much higher ionization energy

than alkali metals
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e Option 4 (35): Bromine (Br) - Group 17, Period 4 - Highest ionization energy among
options (high effective nuclear charge)

Periodic Trend:
Ionization Energy Order: Fr (87) < K (19) < Ge (32) < Br (35)

Quick Tip

- lonization energy oc s————— - Alkali metals have lowest ionization energies in their

periods - Within Group 1, ionization energy decreases down the group - Francium has
the lowest known ionization energy (380 kJ/mol)

Section - B

71. 20 mL of sodium iodide solution gave 4.74 g silver iodide when treated with
excess of silver nitrate solution. The molarity of the sodium iodide solution is _____
M. (Nearest Integer value)

(Given : Na = 23,1 =127, Ag = 108, N = 14, O = 16 g mol™!)

Correct Answer: 1

Solution: Step 1: Write the balanced chemical equation
Nal + AgNO3; — Agl | +NaNO3

Step 2: Calculate moles of Agl precipitated Molar mass of Agl = 108 + 127 = 235 g

mol !
4.74 ¢

235 g mol ™!
Step 3: Determine moles of Nal From stoichiometry, 1 mole Nal produces 1 mole Agl

Moles of Agl = = 0.0202 mol

Moles of Nal = 0.0202 mol

Step 4: Calculate molarity of Nal solution

Moles B 0.0202 mol

= =101 M
Volume in L 0.020 L 0

Molarity =

Rounding to nearest integer:
Molarity ~ 1 M

Quick Tip

- In precipitation reactions, stoichiometry is 1:1 for simple salts - Always convert mass
to moles using molar mass - Remember to convert mL to L for molarity calculations -

Nearest integer rounding for final answer
7
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72. The equilibrium constant for decomposition of HyO (g)

1
Hy0(g) = Ha(9) + 502(9)  (AG® = 92.34kJ mol ')

is 8.0 x 1072 at 2300 K and total pressure at equilibrium is 1 bar. Under this
condition, the degree of dissociation (a) of water is _____ x1072 (nearest integer
value).

[Assume « is negligible with respect to 1]

Correct Answer: 5

Solution: Step 1: Write the equilibrium expression For the reaction:

1
Hz0(g) = Ha(9) + 502(9)
The equilibrium constant K, is given by:

1/2
Py, - POé

K. —
P Py,0

Step 2: Express partial pressures in terms of « Let initial moles of HoO = 1 At equilib-
rium:

Moles of HoO =1 — «
Moles of Hy = «
Moles of Oy = «/2
Total moles =14+ /2~ 1 (since a < 1)

Partial pressures (total pressure = 1 bar):

PHQO:(l—Oz)%1

PH2 =
Po, = a/2
Step 3: Substitute into K, expression
. 9 1/2
8.0x 1078 = L2 <O‘1/ )

8.0 x 1073 = /2 //2

Step 4: Solve for «
0?2 =80x 1073 x v2=1.131 x 1072

a = (1.131 x 1072)%/3 = 0.049 ~ 0.05

Expressed as x1072:
a=5x10"2
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Quick Tip

- For dissociation problems, express equilibrium composition in terms of o - When a < 1,
approximations simplify calculations - Remember to account for stoichiometric coeffi-
cients in K, expression - K, has pressure units that must balance the reaction equation

73. Resonance in X32Y can be represented as

@
=X=Y & X

I

2 @ e
X X-Y:

The enthalpy of formation of X,Y is 80 kJ mol~!, and the magnitude of resonance
energy of XY is:

Correct Answer: 98 kJ mol ™!

Solution:

Step 1: Determine the expected enthalpy of formation using bond energies.
- Break X = X bond: +940kJ mol .

- Break %Y =Y bond: +% x 500 = 250 kJ mol 1.

- Total energy input = 940 + 250 = 1190kJ mol L.

Step 2: Energy released when forming bonds in XY
- Assume one X — X bond (410kJ mol™!) and one X — Y bond (602kJ mol ™).
- Total energy released = 410 + 602 = 1012kJ mol .

Step 3: Calculate expected enthalpy change.
- Expected AH = 1190 — 1012 = 178 kJ mol .

Step 4: Calculate resonance energy.

- Given enthalpy of formation = 80kJ mol~'.

- Resonance energy = Expected AH - Actual AH.
- Resonance energy = 178 — 80 = 98 kJ mol 1.

Step 5: Verify. - The resonance structures suggest partial triple bond character,
stabilizing the molecule, aligning with the calculated value.

The magnitude of the resonance energy, to the nearest integer, is 98 kJ mol L.

Quick Tip

To calculate resonance energy, subtract the enthalpy of formation from the bond disso-
ciation enthalpy. Be sure to account for the stoichiometric coefficients when combining
bond energies.
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74. The energy of an electron in first Bohr orbit of H-atom is —13.6 eV. The
magnitude of energy value of electron in the first excited state of Be?* is _____ eV
(nearest integer value)

Correct Answer: 54

Solution: Step 1: Recall energy formula for hydrogen-like atoms The energy of an
electron in the n'” orbit is given by:

ZZ
n

where Z = atomic number, n = principal quantum number
Step 2: Identify parameters for Be3t For Be3t:

Z =4 (Beryllium)

First excited state corresponds to n = 2
Step 3: Calculate energy

42 16
Ey = —13.6? = —13.6 x il —13.6 x 4 = —54.4 eV

Step 4: Find magnitude
|Ea| = 54.4 eV &~ 54 eV (nearest integer)

- For hydrogen-like ions: FE, oc Z2/n? - First excited state means n = 2 - Be3T is
isoelectronic with H but has Z = 4 - Energy becomes more negative (more stable) as Z
increases

75. Consider the following half cell reaction

Cro02™ (aq) + 6e~ + 14H™ (aq) — 2Cr*" (aq) + 7TH20(1)
The reaction was conducted with the ratio of
[Cr3+]2
[Cra027]
The pH value at which the EMF of the half cell will become zero is _____ (nearest

integer value)
[Given : standard half cell reduction potential

2. T
s+ = 1.33V, % = 0.059V

=106

[©)
Cr,02~ H*/Cr

Correct Answer: 10
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Solution: Step 1: Write Nernst equation

0.059
E=E°—

log @

For the given reaction with n = 6:

3412
E:1.33—@1og( [Cr™] )

6 [CraO77][H]1

Step 2: Set E = 0 and substitute given ratio

0.059 106
0=1.33— 5 log <[H+]14)

Step 3: Simplify the equation

0.059
1.33 = =~ (=6 + 14pH)

14
1.33 = 0.059 (—1 + EpH)

1.33 = —0.059 + 0.1377pH

1.389 = 0.1377pH

1.
H= 0.1338797 ~ 10.09 ~ 10 (nearest integer)

Quick Tip

- For half-cell reactions, use Nernst equation: £ = E° — O‘(T)Lﬁ log @) - Remember pH =
—log[H™] - When E = 0, the system is at equilibrium - Watch stoichiometric coefficients
in the reaction quotient ()
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